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CHAPTER 1. GENERAL INTRODUCTION 
Dissertation Organization 
This dissertation is organized into a general introduction with three subsections: 
dissertation organization, literature review, and objectives. Chapters 2-5 are four papers 
prepared for submission to scientific journals. The first paper (Chapter 2) examined the 
spring arrival of the potato leafhopper, Empoasca fabae Harris (Homoptera: Cicadellidae), 
into Iowa alfalfa fields and determined whether E. fabae uses tree species to build up 
population numbers before first alfalfa harvest. In the second paper (Chapter 3), uncut alfalfa 
strips were used to concentrate E. fabae at first alfalfa harvest, delay recolonization of alfalfa 
regrowth and attract insect predatory species. The third paper (Chapter 4) examined 
prédation rates of E. fabae by four predatory species, Coleomegilla macidata Degeer 
(Coleoptera: Coccinellidae), Orius insidiosus (Say) (Hemiptera: Anthocoridae), 
Niibis roseipennis (Reuter) (Hemiptera: Nabidae), and Chrysoperla carnea Stephens 
(Neuroptera: Chrysopidae), commonly found in alfalfa. The final paper (Chapter 5) 
examined population dynamics of E. fabae from the first harvest (late May/early June) until 
September using life table analysis. These papers are formatted for the Entomological 
Society of America journals. 
Literature Review 
Introduction 
The potato leafhopper, Empoasca fabae Harris (Homoptera: Cicadellidae), is a key 
pest of alfalfa (Medicago sativa L.) in the Midwestern United States (Medler 1957). Each 
spring, E. fabae adults migrate north from the Gulf States usually arriving in the Midwest in 
late April (Medler 1957, Carlson et al. 1992). Empoasca fabae populations typically do not 
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reach damaging levels in alfalfa fields until after the first cutting (late May / early June) 
(Steffey and Armbrust 1991). They often reach densities causing economic losses during the 
second and third growths in Iowa (DeGooyer et al. 1998, Giles et al. 1999). Feeding by 
E. fabae reduces alfalfa quality and yield by reducing the amount of photosynthate produced 
in the plant (Medler 1941). 
Reproduction and Development 
Adult E. fabae copulate at dawn or dusk and stay in coitus from 10 to 45 minutes 
(Fenton and Hartzell 1923). Mating occurs within 48 hours of eclosion and one mating is 
sufficient for a female to lay a full complement of eggs (DeLong 1938). There is a 5-day 
pre-reproductive period for adults (Hogg and Hoffman 1989). The preoviposition period of 
E. fabae under field cage conditions (21-24°C) ranges from 3-10 days (Hogg 1985); 
oviposition occurs mainly at night (Kieckhefer and Medler 1964). Female E. fabae lay an 
average of 2-3 eggs per day (Fenton and Hartzell 1923, DeLong 1938). Females oviposit 
eggs singly in the tissue of the host plant, usually within the stem or petiole (Fenton and 
Hartzell 1923). Females prefer to oviposit in younger stems usually within the top 17 cm of 
the alfalfa plant (Simonet and Pienkowski 1977). A developmental study of E. fabae under 
laboratory conditions (29:18°C, 15L:9D) showed that eggs required an average of 9.7 ± 0.6 
days to hatch and nymphal development averaged 12-13 days on broad bean plants (Hogg 
1985). Developmental time decreases with increasing temperature (Sher and Shields 1991). 
Lower developmental threshold temperatures for eggs and nymphs on alfalfa are 9°C and 
7.8°C, respectively (Hogg 1985). Upper developmental threshold temperatures have been 
estimated to fall between 28.4-31.3°C (Kouskolekas and Decker 1966). At 32°C, l'-3^ 
instars died in a laboratory study (Fenton and Hartzell 1923). In Iowa, there are typically 
three generations of E. fabae from May to September (DeGooyer 1997). 
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Host plants 
Empoasca fabae is polyphagous exploiting over 200 host species in 100 genera and 
26 families, all in the class Magnoliopsida (Hogg and Hoffman 1989; Lamp et al. 1994). 
Sixty-two percent of these host plants belong to the family Fabaceae (Lamp et al. 1994). 
Some of the crops attacked by E. fabae are potato, alfalfa, soybean, sugarbeet, raspberry and 
apple (Fenton and Hartzell 1923). Empoasca fabae also feeds upon ornamentals, deciduous 
trees and herbaceous plants (Lamp et al. 1994). 
Feeding Injury 
Early researchers thought that E. fabae injected a poison into its host plant thereby 
causing hopperbum, which was thought of as a plant disease (Ball 1918, Fenton and Hartzell 
1923). Ball (1918) showed that the cause of the yellowing of the tips of potato leaves was 
caused by E. fabae feeding and described this disease as hopperbum (Ball 1919). 
Hopperbum is a yellowing of the leaves that starts from the tip of the leaflet and spreads 
towards the petiole, usually forming a characteristic, triangular-shaped area on the leaflet. 
The yellowed area eventually turns brown and shrivels. On most leguminous plants, E. fabae 
is primarily a mesophyll feeder (Backus 1990) however; it feeds on the phloem of alfalfa 
(Backus and Hunter 1989). When E. fabae feeds, it inserts its stylet repeatedly into the 
vascular tissues of a leaf (Nielsen et al. 1990). It secretes a salivary sheath and injects 
enzymes into the plant. The action of the salivary secretion of E. fabae causes hypertrophy 
of the phloem cells thereby interrupting the passage of photosynthate in the plant (Medler 
1941, Womack 1984, Nielsen et al. 1990, Lamp et al. 2001). Feeding on alfalfa by E. fabae 
can result in plant stunting, and in reductions in crude protein, dry mass, and yields (Hower 
and Flinn 1986). Leaf photosynthesis and transpiration are also reduced by potato leafhopper 
feeding (Flinn et al. 1990). The intensity of feeding damage varies with leafhopper age 
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(Flinn and Hower 1984). Older E. fabae nymphs and adults cause more damage to alfalfa 
seedlings than do younger nymphs. 
Migration 
During the early 1900s, it was thought that E. fabae overwintered in either the egg (in Iowa) 
or the adult stage (in New York), however these early studies misidentified E. fabae (Fenton 
and Hartzell 1923). It was not until DeLong (1931) discovered a way to positively identify 
E. fabae using internal male genitalia that it was possible to prove that potato leafhoppers 
could not survive winter conditions in northern states (DeLong 1938, Poos 1932). A 
cooperative study that examined the occurrence of E. fabae in the North Central States found 
that the first appearance of potato leafhoppers occurred at about the same time in most of the 
North Central states, around mid-May (Maredia et al. 1998). Arrival of E. fabae in these 
areas was coincident with warm weather systems suggesting that potato leafhoppers migrate 
northward each spring. Insect sampling in the Gulf States indicated that E. fabae 
overwintered in this region (Medler 1957, Decker and Cunningham 1968). Overwintering 
E. fabae are typically found on evergreens (Pinaceae) and herbaceous vegetation (mostly 
Fabaceae) (Taylor et al. 1993, Taylor and Shields 1995). During February through April, the 
overwintering populations break reproductive diapause and increase in numbers providing a 
source population for spring migration (Medler 1962, Taylor and Shields 1995). 
Leafhoppers are not strong flyers and therefore transport is passive on warm low-level jet 
streams (Carlson et al. 1992). Glick (1960) collected E. fabae at altitudes of at least 1,000 m. 
Spring migration initiation is correlated with a low-pressure system over the Great Plains and 
a high-pressure system on the East Coast (Pienkowski and Medler 1964). In Pennsylvania, 
the migrant E. fabae populations were nearly 80% fertile females (Flinn et al. 1990). Males 
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are less tolerant of temperature and humidity extremes than are females, which may account 
for the biased sex ratio (Kouskolekas and Decker 1966). 
There is some controversy surrounding the phenomenon of the return migration flight 
of £. fabae (Taylor 1989). Recent studies have investigated the declining fall populations of 
E. fabae and the possibility of a return migration (Taylor and Reling 1986, Taylor et al. 1995, 
Shields and Testa 1999). This idea is supported by the initiation of reproductive diapause of 
E. fabae in the fall (Taylor et al. 1995). In New York, in September, E. fabae populations 
had a lower percentage of ovipositing females, which was correlated with a reduction in day 
length (Taylor and Reling 1986). Taylor and Reling ( 1986) observed significantly more 
leafhoppers in the atmosphere (at 152 m) when winds were northerly or northeasterly and 
associated with weather fronts. Late summer (August and September) aerial collections of 
E. fabae in the lower atmosphere (from 20-40 m) demonstrated a correlation between the 
drop in barometric pressure along with weather fronts and an increased number of £ fabae in 
the atmosphere (Shields and Testa 1999). These studies suggest that £. fabae does migrate 
south influenced by weather systems. 
Management 
Chemical 
In Iowa, about 28% of alfalfa producers manage E. fabae by insecticide sprays (Lefko 
et al. 1999). Insecticides are effective for £. fabae outbreaks in alfalfa, especially when 
correctly timed (Lamp et al. 1985). If the adult population of £. fabae is above the economic 
threshold (>0.1 leafhoppers per sweep for each inch of plant height) during the first week 
following harvest, then insecticide application is useful. In contrast, if adult populations are 
not at or above the economic threshold, then application is delayed until £. fabae recolonizes 
the alfalfa regrowth. As effective as insecticides are against pest insects, they can be equally 
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effective against bénéficiai insects, which are also lost during insecticide treatments (Barney 
et al. 1984). Hower and Davis (1984) investigated the use of selective insecticides to manage 
E. fabae and Hypera postica (Gyllenhal) (Coleoptera: Curculionidae). Selective application 
of insecticides reduced numbers of E. fabae and H. postica but did not affect 
Microctomis aethiopoides Loan (Hymenoptera: Braconidae), a parasitoid of H. postica. 
Plant resistance 
Crops that have been selectively bred for resistance to E. fabae include alfalfa, potato 
and soybean (McGuire 1989). Several potato leafhopper resistant cultivars of alfalfa are 
commercially available. Alfalfa clones resistant to E. fabae are characterized by dense 
pubescence (Elden and Elgin 1992). Elden and Elgin (1992) identified the mechanisms of 
resistance as feeding or ovipositional non-preference (antixenosis) and some nymphal 
antibiosis using laboratory studies. However, in field studies, Leflco et al. (2000a) showed no 
difference in the number of E. fabae nymphs produced on resistant and susceptible cultivars 
of alfalfa, suggesting that alfalfa stand tolerance, not antibiosis, was the mechanism of 
resistance. In addition, resistant alfalfa cultivars tended to produce more dry mass under the 
same E. fabae density than susceptible cultivars (Lefko et al. 2000b). Because the resistant 
alfalfa stand can tolerate an increased density of £. fabae, the current economic threshold for 
this insect is conservative for resistant cultivars. Lefko et al. (2000a) proposed an alternative 
economic threshold for resistant alfalfa cultivars during the second year of growth; the 
threshold was 2.4 times larger than its susceptible cultivar counterpart. 
Cultural 
Several cultural management techniques have been used to reduce E. fabae 
populations in crops (Fenton and Hartzell 1923, Lamp 1991, Smith et al. 1994). Delayed 
planting dates to manage E. fabae resulted in lower rates of hopperbum on potatoes (Fenton 
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and Hartzell 1923). Alfalfa fields intercropped .vith non-host grasses, such as crabgrass and 
oats, show reduced densities of E. fabae (Lamp 1991, Smith et al. 1994, DeGooyer 1997). 
Roda et al. (1997a, b) determined that alfalfa intercropped with smooth broomgrass, 
orchardgrass or timothy elicited emigration of E. fabae from alfalfa fields. 
Recently, leaving an uncut alfalfa strip at harvest has been tested as a cultural control 
technique for the alfalfa weevil, H. postica. This uncut strip creates a microhabitat 
conducive to the growth and subsequent spread of the entomopathogen Zoophthora 
phytonomi (Arthur) (Giles 1996). This technique may also be used for the management of E. 
fabae. An uncut 3 m wide strip of alfalfa was left in fields between the first and second 
harvest. During the first 2-3 weeks following harvest, the numbers of E. fabae in the uncut 
alfalfa strip was higher than the numbers in the cut areas (Giles unpublished data). In 
addition, the damage to the alfalfa due to hopperbum was considerably less in the cut areas 
than in the uncut areas. The mechanism of attractiveness of uncut alfalfa strips to E. fabae is 
unknown. 
Cultural control of E. fabae populations in alfalfa fields by means of habitat 
manipulation (strip-harvesting) has shown promise in preliminary studies (Giles 1996; 
Weiser and Obrycki unpublished data). However, to evaluate the effects of alfalfa strip 
harvesting as an effective tool to increase E. fabae mortality by natural enemies, the presence 
and effects of natural enemies on E. fabae populations in Iowa alfalfa fields needs to be 
determined. 
Natural enemies 
Insect predators of E. fabae have been identified, but little is known about the effects 
they have on E. fabae populations (Table 1) (Fenton and Hartzell 1923, Yadava and Shaw 
1968; Wheeler 1977; Martinez and Pienkowski 1982, Rensneretal. 1983). Most prédation 
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studies have been conducted in the laboratory, which may not accurately reflect feeding 
patterns in the field. The anthocorid, Orius insidiosus (Say), preys on all life stages of 
E. fabae (egg-adult) in the laboratory (Martinez and Pienkowski 1982) and in alfalfa fields 
(Wheeler 1977). Wheeler (1977) observed that both Chrysoperla carnea (Stephens) and 
Chrysopa oculata (Say) larvae feed on E. fabae nymphs and adults. 
Among the most abundant coccinellids found in Iowa alfalfa fields are 
Coleomegilla maculata (Degeer), Hippodamia convergens (Guerin), 
Coccinella septempunctata (L), and Cycloneda munda (Say) (Giles 1996). In laboratory 
feeding trials, adult and larval H. convergens consumed adult and nymphal E. fabae 
(Martinez and Pienkowski 1982). Yadava and Shaw (1968) used laboratory feeding tests to 
determine if selected coccinellid species preyed upon several field collected but unidentified 
species of leafhopper nymphs. Coleomegilla maculata (adults and larvae), H. parenthesis 
(Say) (adults), and H. convergens (adults and larvae) avoided eating leafhopper nymphs 
whereas C. novemnotata (Herbst.) (adults and larvae), C. transversoguttata (Faldermann) 
(adults), and C. trifasciata (L.) (adults) would eat leafhopper nymphs, but preferred aphid 
prey. This study did not indicate, however, that £ fabae was among the leafhopper species 
used in the feeding trials (Yadava and Shaw 1968). 
Prédation on E. fabae by Nab is roseipennis (Reuter) and N. americoferus (Carayon) 
has been observed in alfalfa fields (Wheeler 1977). Field data indicate that nabid populations 
peak with £. fabae populations in Illinois (Rensner et al. 1983). Nabis roseipennis consumes 
4-5 £. fabae adults and 8-10 nymphs per day in the laboratory (Rensner et al. 1983). In 
addition, N. americoferus locates, and attacks £. fabae eggs in plant tissue (Martinez and 
Pienkowski 1982). 
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The parasitoid, Anagrus giraulti Crawford (Hymenoptera: Mymaridae) attacks 
E. fabae eggs in sugar beet fields in California (Meyerdirk and Moratorio 1987). However, 
A. giraulti reared on E. fabae developed shorter antennae, wings and ovipositors than those 
reared on Circulifer tenellus (Homoptera: Cicadellidae), the beet leafhopper. A second 
parasitoid species, Anagrus armatus Ashm., parasitizes E. fabae eggs in Ames and St. 
Ansgar, LA (Fenton and Hartzell 1923). Anagrus spp. also attack the eggs of E. kraemeri 
(Ross and Moore), a relative of E. fabae, in Central and South America (Wilde et al. 1976). 
Recently, a microsporidium, Nosema empoascae, has been isolated from the tissues 
of E. fabae collected in Missouri and Illinois (Ni et al. 1995). This is the only 
microsporidium to be described from E. fabae and only the second to be associated with the 
order Homoptera. Little is known about the relationship between this microsporidium and 
E. fabae. 
Zoophthora radicans (Brefeld) (Zygomycetes: Entomophthoraceae) (= Erynia 
radicans, = Entomophthora sphaerosperma) is a fungal pathogen that attacks a wide range of 
hosts including Lepidoptera, Homoptera, Coleoptera, Thysanoptera and Diptera (Papierok et 
al. 1984). Epizootics in E. fabae populations caused by Z radicans have been observed in 
Illinois and Wisconsin (McGuire et al. 1987b), Central Brazil, China, Israel (Galaini-Wraight 
et al. 1991), and France (Papierok et al. 1984). An epizootic in Illinois caused by Z. radicans 
infected up to 94% of E. fabae (McGuire et al. 1987b). Conidia germination of Z radicans 
was inversely correlated with time of exposure to temperatures above 32°C (McGuire et al. 
1987a). However, at temperatures above 32°C, no infection occurred in E. fabae hosts. 
Conidia germinate at a pH range of 5.1-7.9 (Magalhâes et al. 1991). Germination outside 
this range is greatly reduced. The optimal pH for appressoria germination is 7.2. No 
germination was observed at pH levels of 6.5 or 9.0. The only record of Z. radicans in Iowa 
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is by Fenton and Hartzell (1923) who observed epizootics in E. fabae infesting Iowa potato 
fields. 
Objectives 
The objectives of this dissertation were to (I) determine the source of E. fabae 
populations infesting second alfalfa growth, (2) describe the effects of leaving an uncut 
alfalfa strip on the distribution of E. fabae and insect predatory species, (3) quantify the 
attack rates of E. fabae by insect predatory species in greenhouse studies, and (4) examine 
the population dynamics on field populations of E. fabae and natural enemies. 
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Table 1. Natural enemies of Empoasca fabae 
E. fabae stage Field/ 
Natural Enemy attacked* Laboratory Reference 
Predators 
Anthocoridae 
Oriiis insidiosus 
Chrysopidae 
Chrysoperla carnea 
Chrysopa oculata 
Coccinellidae 
Coleomegilla maculata 
Coccinella novemnotata 
Coccinella transversoguttata 
Coccinella trifasciata 
E Laboratory 
unspecified Field 
unspecified Field 
N, A Laboratory 
N, A Field 
N, A Field 
N, A Laboratory 
N Field 
N, A Laboratory 
N, A Laboratory 
N, A Laboratory 
N, A Laboratory 
Martinez and Pienkowski 1982 
Wheeler 1977 
Fenton & Hartzell 1923 
Martinez and Pienkowski 1982 
Wheeler 1977 
Wheeler 1977 
Yadava and Shaw 1968b 
Wheeler 1977 
Yadava and Shaw 1968b 
Martinez and Pienkowski 1982 
Yadava and Shaw 1968b 
Yadava and Shaw 1968b 
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Table 1. (continued) 
Natural Enemy 
E. fabae stage Field/ 
attacked* Laboratory Reference 
Hippodamia convergens 
Hippodamia parenthesis 
N, A 
N, A 
N, A 
Hippodamia tredecimpunctata N 
Dolichopodidae 
Condylostylus flavipes 
Formicidae 
Formica subsericea 
Nabidae 
Nabis roseipennis 
Nabis americoferus 
Sphecidae 
Psenulus sp. 
Parasitoids 
N 
N 
N, A 
E, N, A 
Laboratory Yadava and Shaw 1968b 
Laboratory Martinez and Pienkowski 1982 
Laboratory Yadava and Shaw 1968b 
Field Fenton and Hartzell 1923 
Field Wheeler 1977 
Field Wheeler 1977 
Laboratory Rensner et al. 1983 
unspecified Field Wheeler 1977 
Laboratory Martinez and Pienkowski 1982 
Field Wheeler 1977 
Mymaridae 
Anagrus giraulti Laboratory Meyerdirk and Moratorio 1987 
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Table 1. (continued) 
Natural Enemy 
E. fabae stage Field/ 
attacked* Laboratory Reference 
Anagrus armatus Field Fenton and Hartzell 1923 
Pathogens 
Entomophthoraceae 
Zoophthora radicans 
Nosematidae 
Mosemaem^oasca  ^
N, A 
N, A 
N.A 
Both 
Both 
Field 
Fenton and Hartzell 1923 
McGuire et al. 1987 a, b 
Ni et al. 1995 
E = egg, N = nymph, A = adult 
b Yadava and Shaw (1968) did not specify which species of leafhoppers were used in 
laboratory experiments 
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CHAPTER 2. EARLY SPRING OCCURRENCE OF EMPOASCA FABAE (HARRIS) 
(HOMOPTERA: CICADELLIDAE) IN AND ADJACENT TO ALFALFA FIELDS IN 
IOWA 
A paper to be submitted to Environmental Entomology 
L. A. Weiser, J. J. Obrycki, and M. E. Rice 
Abstract 
This two-year study monitored the number of E. fabae at 3 locations within alfalfa 
fields (edge of field closest to trees and shrubs. 20 m from edge, and 40 m from edge) from 
mid-April to June and from adjacent tree and shrub species until July. Similar numbers of 
E. fabae were present on all tree and shrub species sampled (Acer negundo, Carya ovata, 
Celtis occidentals, Crataegus sp„ Fraximts americana, Gleditsia triacanthos, 
Ostrya virginiana. Prunus sp., Quercus alba, Quercus macrocarpa, Quercus rubra. 
Rhus glabra, Rosa multiflora, Tilia americana, Ulmus americana, and 
Zanthoxylum americanum). In addition, in 3 of 4 fields examined there were significantly 
more E. fabae found at the edges of the fields closest to the trees than at 40 m from the edge 
of the field during the 1st week of May. In subsequent samples, there was no difference in 
the distribution of E. fabae in the alfalfa field except at 1 field in which there were more 
E. fabae present in the edge than the middle for the duration of the study. Based upon this 
study, it does not appear that E. fabae are using adjacent trees to build up population numbers 
to infest nearby alfalfa fields in early spring. 
Introduction 
The potato leafhopper, Empoasca fabae (Harris) (Homoptera: Cicadellidae) 
overwinters in the Gulf States on evergreens (Pinaceae) and herbaceous vegetation (mostly 
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Fabaceae) and then migrates north in spring (Medler 1957, Taylor et al. 1993, Taylor and 
Shields 1995). The first appearance of £. fabae in most of the North Central States occurs 
around late-April/mid-May (Medler 1957, Maredia et al. 1998). Arrival of E. fabae in these 
areas is coincident with low-pressure weather systems, suggesting transport is passive on 
warm low-level jet streams (Carlson et al. 1992). In Pennsylvania, early spring migrant 
E. fabae populations were nearly 80% fertile females that begin ovipositing upon arrival 
(Flinn et al. 1990). 
Empoasca fabae is a key pest of alfalfa (Medicago saliva L.) in the midwestem 
United States and usually begins to arrive in Iowa in late April, but peak arrival is not until 
mid- to late-May (Medler 1957, pers. obs.). Although E. fabae are found in alfalfa at this 
time, populations do not reach damaging levels in alfalfa fields until after the Ist cutting (late 
May/early June) (Steffey and Armbrust, 1991). Empoasca fabae may reach densities causing 
economic losses during the 2nd and 3rd growths of alfalfa in Iowa (Giles et al. 1999). The life 
cycle of £ fabae is approximately 3 weeks from egg to adult, depending on temperature 
(Hogg 1985). Given the developmental time of this insect, from time of peak arrival in mid-
May until harvest, there is insufficient time for most of the nymphs of E. fabae to develop 
into adults in alfalfa. However, E. fabae feeds on over 200 host species in 100 genera and 26 
families, all in the class Magnoliopsida (Hogg and Hoffman 1989, Lamp et al. 1994). Sixty-
two percent of these host plants belong to the family Fabaceae (Lamp et al. 1994). Because 
alfalfa can be considered a disturbed or ephemeral habitat due to several harvests each year, 
E. fabae is a cyclic colonizer (sensu Wissinger 1997) moving out of alfalfa to alternate hosts 
until the field is suitable for re-colonization. Boston and Pedigo (1975) found that £. fabae 
move from alfalfa to soybean when alfalfa is harvested; however, soybean may not be 
available to £. fabae until late May. In Maryland, £. fabae uses hosts in woodlands, 
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orchards, and roadsides near alfalfa fields in early spring (Lamp et al. 1989). Previous 
studies have suggested that E. fabae builds up populations on these hosts in early spring and 
then moves into alfalfa, but movement into alfalfa from these hosts has not been 
demonstrated (Poos 1935, Lamp et al. 1989). 
The objective of this study is to determine if E. fabae uses tree species upon spring 
arrival in Iowa to build up population numbers and then subsequently moves into adjacent 
alfalfa. 
Materials and Methods 
In 1998 and 1999, four Iowa State University alfalfa fields in Ames, IA 
(42.0269N/93.6680W) (Ross farm (1) and Applied Science Complex [ASC] (2) in 1998, 
Beef Cattle Nutrition Management Research Center [BCN] (3) and ASC (4) in 1999) were 
sampled from mid-April until late-May (first alfalfa harvest). These fields were 
approximately 3.5 km from each other. In each of the fields, the trees and shrubs from 3 to 
50 m from the edge of the field were surveyed for hosts of E. fabae (Table I). These species 
were monitored weekly by hanging I yellow, sticky trap (Pherocon AM8) from the branches 
at approximately 2 m from the ground. Sticky traps were replaced weekly and the number of 
E. fabae adults counted under a dissecting microscope. Tree and shrub species were 
monitored for£. fabae until Ist harvest in 1998 (May 22nd) and until 2nd harvest in 1999 
(July 11 and July 18). To monitor the movement of E. fabae into the alfalfa field, sticky 
traps were placed within the alfalfa at the edge of the field (closest to tree line), 20 m from 
the edge, and 40 m from the edge. Sticky traps were placed horizontally at the top of the 
alfalfa canopy to maximize the number of E. fabae collected (DeGooyer et al. 1998). There 
were 4 replicates at each distance and traps in each replicate were placed 25 m apart. Sticky 
traps were replaced weekly and the number of E. fabae adults recorded. Data were analyzed 
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using repeated measures ANOVA; factors examined were date and location within alfalfa 
field. 
Results 
Empoasca fabae individuals were first observed in Ames, LA during the last week of 
April in 1998 and 1999. However, their peak numbers were observed the 2nd (1998) or 3rd 
(1999) weeks of May (Figs. I and 2). In 1998, at site 1, there were similar numbers of 
E. fabae at the 3 locations sampled on each sampling date (P=0.98) (Fig. la). However, 
there were significant differences in the distribution of E. fabae in the alfalfa field at site 2 on 
all dates except April 28 (P<0.05). The number of E. fabae sampled closest to the edge of 
the field near the tree line was higher than at 40 m inside the field (P=0.03) (Fig. lb). There 
was a difference in the number of E. fabae adults collected from these 2 fields. We found up 
to 100 E. fabae per sticky trap in site I, whereas in site 2, we found up to 45 E. fabae per 
sticky trap (Fig. I). 
In 1999, at site 3, there was a higher number of E. fabae found at the edge than at 40 
m inside the field on May 7 (P=0.004); there were no differences in numbers at any of the 
other dates sampled (P>0.05) (Fig. 2a). Similarly, there were fewer E. fabae observed at 40 
m compared with the edge and 20 m inside of the field at site 4 on May 7 (P=0.046) (Fig. 
2b). 
The number of E. fabae found on the trees and shrubs was not statistically different 
among species in either 1998 or 1999 at any of the locations (P>0.05) (Tables 2-5). 
Although not statistically significant (P=0.44), leafhoppers tended to occur in higher numbers 
on 5 species, Quercus macrocarpa, Ulmus americana, Celtis occidentalis, Carya ovata and 
Rhus glabra in 1998. In 1999, the number of £. fabae tended to be higher on if. americana, 
Crataegus sp., Quercus rubra, Rosa multiflora and Gleditsia triacanthos. The number of 
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E. fabae found on species also indicated that peak arrival occurred during the 2nd week of 
May. In 1998, we found 10 times more E. fabae in trees and shrubs at site 1 than from site 2 
(Tables 2,3). Similar numbers of E. fabae were collected among trees and shrubs in sites 3 
and 4. In 1999, the numbers of leafhoppers in the adjacent trees and shrubs increased when 
the alfalfa field was harvested after May 28 (Table 4,5). 
Discussion 
In 1998 and 1999, the first arrival of £ fabae in central Iowa occurred during the last 
week of April. However, peak arrival of £ fabae in Iowa did not occur until the 2nd and 3rd 
weeks of May in 1998 and 1999, respectively. Alfalfa fields are usually cut during the last 
week of May, leaving about 2 weeks for the majority of the E. fabae progeny to develop, 
which is insufficient time for most nymphs to reach the adult stage (Hogg 1985). Eggs that 
are laid inside alfalfa stems are removed from the field when the alfalfa is harvested. 
Likewise, due to low vagility of the nymphs, they do not find suitable hosts and, therefore, up 
to 95% of nymphs are killed when the field is harvested (Simonet and Pienkowski 1979). 
Therefore, reproduction in alfalfa fields during early May is, for the most part, a waste of 
reproductive effort since only the few eggs that were laid in late April will develop into 
adults. Since E. fabae may be present in damaging numbers during the 2nd growth of alfalfa 
(Giles et al. 1999), and there is not enough time for a full generation of £. fabae to develop in 
alfalfa before the first harvest, £. fabae must be coming from another source. 
The results from this study show that during early spring, there were more £. fabae 
present in the edges of alfalfa fields closest to the tree line in one of the fields in 1998 (field 
2) and during the week of May 7th in both fields in 1999. This would be too early in the 
season for any reproduction to have occurred in the adjacent trees. Therefore, it would not be 
possible for £. fabae to have reproductively built population numbers in the trees and then 
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moved into the alfalfa field. Empoasca fabae is known to use the new growth of woody 
species such as Quercus, Acer, and Carya on which to feed and oviposit (Poos 1935, Lamp et 
al. 1994, Bentz and Townsend 1999). Poos (1935) collected E. fabae from light traps and 
suggested that £ fabae used Quercus and Carya trees from North Carolina to New York 
when alfalfa is unavailable. In early May and during alfalfa harvest in Maryland, Lamp et al. 
(1989) found more £. fabae in adjacent Quercus and Acer trees than in alfalfa fields. We did 
not find a higher number of £. fabae per trap in the trees than in the alfalfa fields during this 
study. This may be due to the method of collection; Lamp et al. (1989) swept tree foliage to 
obtain E. fabae, whereas we used a hanging sticky trap. 
Other alternative sources for E. fabae infestation of the 2nd alfalfa growth should be 
investigated. It is possible that £. fabae may still be arriving from overwintering sites in 
early June. No one has documented the length of the spring migration. At this time in the 
season, it would be difficult to determine the source of adult £. fabae (new migrants or first 
generation adults) by morphological characters. However, it may be possible to use 
molecular analysis to determine the host plants of individuals collected (Taylor et al. 1993, 
Wassenaar and Hobson 1998). Wassenaar and Hobson ( 1998) traced origins of migratory 
Dartaus plexippus L. (Lepidoptera: Danaidae) using the composition of stable-hydrogen and 
carbon isotopes found in its food source, which varies along a north-south continuum. Lamp 
et al. (1989) found £. fabae within grass, clover, and roadside weeds early in the season. In 
Iowa, £. fabae may be using unharvested alfalfa or other herbaceous plants to feed and 
reproduce in early spring. These plants would not be harvested and £. fabae would have 
sufficient time to produce a new generation. Future research should examine the possibility 
of continued migration and other herbaceous hosts for £. fabae populations as the source of 
infestations in 2nd growth alfalfa. 
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Table 1. Tree species sampled for Empoasca fabae in Spring 1998 and 1999 adjacent 
to alfalfa fields. Locations of tree species are l=Ross farm, 2=Applied Science Complex 
(1998), 3=Beef Cattle Nutrition Research Center and 4=Applied Science Complex (1999). 
Tree Species Year Location 
Acer negundo L. (Aceraceae) 1998 1,2 
Carya ovata (Mill.) K. Koch (Jugiandaceae) 1998 1 
Celtis occidentals L. (Ulmaceae) 1998 I 
Crataegus sp. (Rosaceae) 1999 3 
Fraxinus americana L. (Oleaceae) 1999 4 
Gleditsia triacanthos L. (Fabaceae) 1998. 1999 1.3 
Ostrya virginiana (Mill.) K. Koch (Betulaceae) 1999 4 
Prunus sp. (Rosaceae) 1998. 1999 1.3 
Quercus alba L. (Fagacae) 1998. 1999 2,4 
Quercus macrocarpa Michx. (Fagacae) 1998 1 
Quercus rubra L. (Fagacae) 1998, 1999 1.4 
Rhus glabra L. (Anacardiaceae) 1998 1 
Rosa multiflora Thunb. (Rosaceae) 1999 3 
Tilia americana L. (Tiliaceae) 1998, 1999 2.4 
Ulmus americana L. (Ulmaceae) 1998, 1999 1.13,4 
Zanthoxvlum americanum Mill. (Rutaceae) 1999 4 
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Table 2. Mean number (± SE) Empoasca fabae present on tree and shrub species 
adjacent to alfalfa field 1998 at site 1 
Species n 28-Apr 6-May 13-May 20-May 
Acer negundo 1 1.0 1.0 0.0 0.0 
Quercus alba I 0.0 1.0 4.0 1.0 
Quercus rubra 1 0.0 1.0 3.0 3.0 
Tilia americana 3 1.3 0.3 4J 2.0 
(0.7) (03) (0.3) (1) 
Ulmus americana I 1.0 0.0 0.0 1.0 
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Table 3. Mean number (± SE) Empoasca fabae present on tree and shrub species 
adjacent to alfalfa field 1998 at site 2 
Species n 19-Apr 28-Apr 6-May 13-May 20-May 
Acer negundo 1 0.0 0.0 0.0 4.0 3.0 
Carya ovala I 0.0 1.0 0.0 16.0 9.0 
Celtis occidentals 1 2.0 1.0 0.0 31.0 26.0 
Gleditsia triacanthos 2 0.0 0.0 1.5 4.0 1.0 
0.0 0.0 1.5 1.0 1.0 
Prunus sp. to 0.1 0.7 0.4 7.7 1 2 
(0.1) (0.6) (0.2) (2.8) (0.7) 
Quercus macrocarpa I 0.0 1.0 2.0 32.0 6.0 
Quercus rubra 1 0.0 2.0 0.0 4.0 8.0 
Rhus glabra 3 0.0 03 0.7 35.3 19.7 
(0) (0.3) (0J) (31.4) (5.7) 
Ulmus americana 11 0.0 0.1 1.4 283 143 
(0) (0.1) (0.7) (11.8) (5.5) 
Table 4. Mean number (± SE) Empoasca fabae present on tree and shrub species adjacent to alfalfa field 1999 
at site 3 
Species n 30-Apr 7-May 14-May 21-May 28-May 4-Jun ll-Jun 18-Jun 25-Jun 2-Jul 9-Jul 
Crataegus sp. 1 0.0 15.0 45.0 8.0 9.0 33.0 152.0 118.0 83.0 50.0 6.0 
Gleditsia triacanthus 5 0.4 9.7 79.2 7.5 13.0 37.8 90.4 108.0 41.5 32.2 11.8 
(0.4) (3.4) (38.3) (2.3) (3.8) (9.3) (29.1) (30.6) (11.9) (6.5) (4.1) 
Prunus sp. 1 0.0 5.0 16.0 11.0 3.0 140 17.0 19.0 8.0 36.0 6.0 
Rosa muhifloru 1 0.0 15.0 48,0 21.0 27.0 57.0 4.0 213.0 77.0 47.0 12.0 
Ulmus americanus 3 0.0 5.7 21.3 6.7 11.3 63.0 56.5 84.3 38.3 33.3 16.7 
(0.0) (2.7) (9.4) (1.7) (2.6) (21.2) (22) (17.6) (11.3) (7.3) (7.8) 
Table 5. Mean number (± SE) Empoasca fabae present on tree and shrub species adjacent to alfalfa field 1999 
at site 4 
Species n 30-Apr 7 May 14-May 21-May 28-May 4-Jun 11-Jun 25-Jun 2-Jul 9-Jul 16-Jul 
Fraxinus americana i 0.0 1.0 2.0 3.0 3.0 5.0 17.0 7.0 7.0 0.0 120.0 
Ostrya virginiana i 0.0 0.0 1.0 12.0 0.0 17.0 17.0 13.0 35.0 15.0 105.0 
Quercus alba 1 0,0 1.0 0.0 17,0 0.0 8.0 16.0 21.0 25.0 4.0 69,0 
Quercus rubra 2 1.0 1.5 5.0 34.5 1.5 17.0 53.5 25.0 19.0 25.5 261.5 
(0) (0.5) (0) (11.5) (1.5) (5.0) (22.5) (8.0) (6.0) (6.5) (12.5) 
Tilia americana 2 0.0 1.5 2.0 10.0 4.0 5.5 43.5 24.5 31.0 15,5 136.0 
(0) (0.5) (1.0) (5.0) (1.0) (0.5) (9.5) (6.5) (0) (7.5) (45.0) 
Ulmus americanus 2 0.0 2.5 4.8 10.0 1.8 16.3 78.5 21.7 31.5 15.3 128.5 
(0) (0.9) (2.7) (5.7) (0.7) (16.5) (36.4) (11.9) (17.3) (4.9) (56.3) 
Zanthoxylum americanum 1 0.0 3.0 2.0 38.0 1.0 3.0 1.5 16.0 18.0 15.0 240.0 
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Figure Legends 
Fig. la. Number of E. fabae found per sticky trap at the edge, 20 m and 40 m of alfalfa field 
in 1998. (a) Site I. (b) Site 2. Different letters at each date indicate statistical significance at 
P<0.05 
Fig. 2a. Number of E. fabae found per sticky trap at the edge, 20 m and 40 m of alfalfa field 
in 1999. (a) Site 3. (b) Site 4. Different letters at each date indicate statistical significance at 
P<0.05 
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CHAPTER 3. WITHIN-FIELD MANIPULATION OF POTATO LEAFHOPPER 
(HOMOPTERA: CICADELLIDAE) AND INSECT PREDATOR POPULATIONS 
USING AN UNCUT ALFALFA STRIP 
A paper to be submitted to the Journal of Economic Entomology 
L. A. Weiser, J. J. Obrycki, and K.. L. Giles 
Abstract 
The effects of an uncut alfalfa strip on the within field distribution of Empoasca fabae 
(Harris) (Homoptera: Cicadellidae) and several species of insect predators in alfalfa fields 
were examined for 3 yr (1998-2000) by leaving a 3-m-wide uncut strip of alfalfa at first 
harvest. The objectives were to determine if this strip would serve as a trap crop for E. fabae 
and a refuge for insect predators. Empoasca fabae and insect predators in the families 
Coccinellidae, Nabidae, Anthocoridae, Chrysopidae, and Hemerobiidae were collected 
weekly using sweep samples and sticky traps from the uncut strips and up to 40 m into the 
alfalfa regrowth. For 2 yr, both small- (0.34 ha) and large-scale (ca. 11.3 ha) field trials 
showed higher numbers of E. fabae in 73% of the uncut strips for 2-3 wk after harvest. 
Similarly, the number of insect predators found within 55% of the uncut strips was also 
higher during the Ist or 2nd wk following harvest. In 1999, however, we did not observe 
higher numbers of E. fabae in the uncut strips. Differences may be due to higher E. fabae 
population numbers in 1999 compared with 1998 and 2000. This research provides alfalfa 
growers a potential cultural management technique for E. fabae while retaining beneficial 
insects. 
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Introduction 
Cultural management techniques, e.g., strip harvesting or intercropping, have been 
used to manage a number of insect pests (Lamp 1991, Smith et al. 1994, Giles 1996, Roda et 
al. 1997a, b, Giles and Obrycki 1998). Strip harvesting, used in alfalfa pest management 
since the 1940s, consists of leaving several uncut strips of alfalfa at harvest (Scholl and 
Medler 1947, Schlinger and Dietrick I960, Stem et al. 1964). Scholl and Medler (1947) used 
uncut trap strips in alfalfa to manage Adelphocoris lineolatus (Goeze) (Hemiptera: 
Lygaeidae), Lygiis oblineatus Say (Hemiptera: Lygaeidae), and Empoasca fabae (Harris) 
(Homoptera: Cicadellidae). In California, strip harvesting of alfalfa maintained parasites and 
predators of the spotted alfalfa aphid in the field by providing a microhabitat refuge 
(Schlinger and Dietrick I960). As suggested by Giles et al. (1999) concentrating natural 
enemies and insect pests in uncut alfalfa strips could significantly enhance biological control. 
In addition, insecticides could be selectively applied at reduced rates to decrease pest 
numbers while conserving natural enemies (Giles and Obrycki 1997, 1998). 
Empoasca fabae is a key pest of alfalfa (Medicago saliva L.) in the midwestem 
United States (Giles et al. 1999). Feeding by E. fabae reduces alfalfa quality and yield by 
decreasing photosynthates produced in the plant (Medler 1941). The most common 
management methods used in Iowa for E. fabae outbreaks are early alfalfa harvest and the 
use of insecticides (Lefko et al. 1999). Alfalfa harvest kills £ fabae eggs and nymphs 
(Simonet and Pienkowski 1979) and elicits emigration of both adult E. fabae and its natural 
enemies (Rakickas and Watson 1974, Poston and Pedigo 1975). Insecticide applications kill 
not only E. fabae but also its natural enemies (Barney et al. 1984), which could contribute to 
the suppression of E. fabae. The insect predators found in alfalfa that are known to feed on 
£. fabae include Orius insidiosus (Say) (Hemiptera: Anthocoridae), Nabis roseipennts 
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(Reuter) (Hemiptera: Nabidae), Nobis americoferus (Carayon) (Hemiptera: Nabidae), and 
Coleomegilla maculata Timberlake (DeGeer) (Coleoptera: Coccinellidae) (Wheeler 1977, 
Barney et al. 1984). 
The practice of strip harvesting in California, which consisted of alternate cut and 
uncut strips of alfalfa, required harvesting alfalfa every 2 wk (Stem et al. 1964). Giles and 
Obrycki (1997) used one uncut strip to manage H. postica that was harvested with the rest of 
the field during second cutting, thereby reducing the labor involved with strip harvesting. 
We hypothesize that an uncut alfalfa strip left at first harvest will attract adult E. fabae and 
delay recolonization of the regrowth. The objective of this study was to determine if an 
uncut strip of alfalfa would concentrate E. fabae at first harvest and for how long it delays 
colonization of regrowth. We also hypothesize that this uncut strip will attract predatory 
insect species. 
Materials and Methods 
Field Trials. 1998. The study was conducted in four alfalfa fields (Table I): an Iowa State 
University farm in Chariton, lA (field I), two Practical Farmers of Iowa (PFI) fields in Pella. 
LA (fields 2 and 3), and one PFI field in Farmersburg, LA (field 4). These locations provided 
a north-south axis of274 km in Iowa. A 3 x 100-m strip of alfalfa was left uncut in each 
field at first alfalfa harvest (end of May/early June). After hay was removed from each field 
(within 7-10 d), samples were taken weekly using a 38-cm-diameter sweep net and 20.3 x 
27.9-cm yellow sticky traps (Pherocon AM® nonbaited) until second harvest. On each 
sampling date, eight 20-sweep samples were taken within uncut strips and in the regrowth at 
I m, 5 m, 10 m, and 40 m from the edge of the uncut strip. Samples were placed in bags and 
transported to the laboratory in chilled coolers. The number of nymphal and adult E. fabae, 
and adult insect predators in the families Coccinellidae, Nabidae, Anthocoridae, 
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Chrysopidae, and Hemerobiidae collected in each sample were identified. To monitor 
distribution of E. fabae and its recolonization of the regrowth, three yellow sticky traps were 
placed in the uncut alfalfa strip and in the regrowth at 1 m, 5 m, 10 m, and 40 m from the 
edge of the uncut strip along a linear transect at 20-m intervals. Sticky traps were placed 
horizontally at the top of the alfalfa canopy to maximize the number of adult E. fabae 
collected (DeGooyer et al. 1998a). These traps were changed weekly, and the number of 
adult E. fabae and insect predators was recorded. Each field was analyzed separately using 
repeated measures ANOVA; factors analyzed were date and distance from uncut strip. 
Statistical significance at P < 0.05 between number of insects in uncut strip and regrowth was 
determined using a contrast statement (SAS 1998). 
1999. The study was conducted in four alfalfa fields (Table I): an Iowa State 
University farm in Chariton, lA (field 5), and at PFI fields in Pella, IA (field 6), Peosta, IA 
(field 7), and Farmersburg, IA (field 8). Alfalfa harvesting and samples followed procedures 
used in 1998, except the number of sweep samples was reduced from eight to six at each 
distance. The number of sweep samples was reduced, but the relative precision of sampling 
was maintained at ca. 0.2. Each field was analyzed separately using repeated measures 
ANOVA; factors analyzed were date and distance from uncut strip. Statistical significance at 
P < 0.05 between number of insects in uncut strip and regrowth was determined using a 
contrast statement (SAS 1998). 
Field Plot Trials. 1999 and 2000. Two Iowa State University fields in Ames, IA 
(Table I) were used to determine the effects of strip harvesting using replicated cut (control) 
and uncut (treatment) alfalfa strips. A3 x 80-m strip of alfalfa was sectioned into four 3 x 
20-m areas assigned to serve as either a cut or an uncut strip. At the time of 1st harvest, cut 
strips were harvested along with the rest of the field. After hay was removed from each field, 
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E. fabae and predatory species were monitored weekly until 2nd harvest using the same 
methods in the 1998 field trials, except the number of sweep samples taken in each transect 
was reduced to three. The number of sweep samples was reduced because transects would 
not accommodate more than three 20-sweep samples. Because this experimental design 
allows for a 20-m resolution away from uncut strips, sampling at the 40-m distance was 
omitted from analysis. Each field was analyzed separately using repeated measures 
ANOVA; factors analyzed were date and distance from uncut strip. Statistical significance at 
P < 0.05 between number of insects in uncut strip and regrowth was determined using a 
contrast statement (SAS 1998). 
Results 
Field Trials. 1998 sweep samples. Uncut strips attracted E. fabae and predatory 
species up to the 3rd wk of sampling in all fields sampled. During the first 2 wk of sampling, 
significantly more £ fabae were observed in the uncut strip than in the regrowth in fields I 
and 4 (£=8.39, df= 1,27, P = 0.007; F = 5.70, df= 1,28, P = 0.001) (Fig. la,d). By the 
fourth sampling date the number of £. fabae in the alfalfa regrowth was significantly higher 
than in the uncut strip in fields I and 4 (F= 8.39, df = 1,27, P < 0.0001; F - 14.99, df = 1,27. 
P = 0.0006) (Fig. la, d). In fields 2 and 3, the number of £. fabae was similar at all distances 
and all dates examined (Fig. lb, c). 
During the 1st and 3rd wk, the number of neuropterans (F = 5.87, df = 1,27, P = 0.02; 
£=5.87, df = 1,27, P = 0.02) and anthocorids (F=4.00, df = 1,28, P = 0.05; F = 4.49, df= 
1,27, P = 0.04) was higher in the uncut strip in two of four fields. There were more 
coccinellids (£= 28.45, df = 1,26, P < 0.0001; F=4.00, df = 1,28, P = 0.05) and anthocorids 
(F = 15.49, df = 1,28, P = 0.0005; F= 97.35, df = 1,26, P< 0.0001) found in the uncut strip 
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during the 2nd wk in two fields. The number of neuropterans observed in the uncut strip was 
also higher during wk 2 in one field (F= 9.33, df = 1,28, P = 0.005). 
1998 sticky traps. In 75% of fields examined, adult E. fabae were attracted to uncut 
strips. In fields 1, 2,3, and 4, significantly more E. fabae adults were collected in the uncut 
strips than in the regrowth during the Ist wk of sampling (F= 26.53, df = 1,8, P = 0.0009; F 
= 5.70, df = 1,8, P = 0.04; F = 42.56, df = 1,8, P = 0.0002; F= 20.85, df = 1,8, P = 0.0003) 
(Fig. le-h). In field 4 more E. fabae were observed in the uncut strips during the 2nd wk of 
sampling (F= 5.85, df = 1,8, P = 0.04) (Fig. Ih). Similar numbers of insect predators were 
collected at each distance on all dates sampled in all fields (Appendix A). 
1999 sweep samples. The uncut alfalfa strips did not have an effect on the 
distribution of E. fabae in most of the fields sampled. During the Ist wk of sampling, the 
number of E. fabae was higher in the uncut strip (F = 28.17, df = 1,19, P < 0.0001) than in 
the regrowth except at 40 m away in field 6 (Fig. 2b). During the 2nd wk of sampling more 
E. fabae were observed in the uncut strip in field 7 (F = 28.08, df = 1,16, P< 0.0001) (Fig. 
2c). In fields 5 and 7, fewer £. fabae were found in the uncut strip during the 3rd wk of 
sampling (F= 16.93, df = 1,17, P = 0.0007; F=43.70, df= 1,18, P <0.0001) (Fig. 2a, c). In 
field 8, the number of E. fabae was similar at all distances and dates examined (Appendix A). 
In all of the fields sampled, the number of coccinellids, anthocorids, and nabids was 
higher in the uncut strip than in the regrowth during the Ist wk of sampling (Appendix A). 
During the 2nd wk of sampling, there were more coccinellids (F= 9.07, df = 1,15, P = 0.009) 
and nabids (F= 7.50, df= 1,19, P = 0.01) observed in the uncut strip in fields 5 and 7, 
respectively; anthocorids (F=9.84, df = 1,15, P = 0.007; F= 30.44, df = 1,17, P < 0.0001) 
were more numerous in the uncut strip in two of four fields and neuropterans in one (F= 
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11.33, df = 1,17, P = 0.004). The number of anthocorids was higher in the uncut strip during 
wk3 in fields 5 and 6 (F= 10.15, df= 1,17, P = 0.005; F=40.86, df = 1,18, F <0.0001). 
1999 sticky traps. The number of E. fabae was higher in the uncut strip than the 
regrowth during the Ist wk in field 8 (F = 33.58, df = 1,8, P = 0.0004) (Fig. 2h). In fields 5 
and 7 during the 2nd wk of sampling, there were fewer E. fabae observed in the uncut strip (F 
= 6.57, df = 1,5, P = 0.035; F = 20.09, df = 1,8, P = 0.002) (Fig. 3e, g). Similar results were 
found in field 5 during wk 3 (F = 30.12, df = 1,8, P = 0.0006). In field 6, the number of 
E. fabae was similar at all distances and dates examined (Fig. 2f). Similar numbers of insect 
predators were collected at each distance on all dates sampled in all fields (Appendix A). 
Field Plot Trials. 1999 sweep samples. Results were similar to those in the 1999 
large-scale field trials. In field 9 during wk I, significantly more E. fabae were collected in 
the uncut strip than in the regrowth (F = 46.13, df = 1,17, P < 0.0001) (Fig. 3a). In contrast, 
there were fewer numbers of E. fabae observed in the control in wk I and 3 (F= 5.14, df= 
1,19, P = 0.04; F= 6.65, df = 1,19, P = 0.02) (Fig. 3b). By wk 3, the number of E. fabae was 
similar at all distances in the uncut treatments (F= 0.91, df = 1,18, P = 0.35) (Fig. 3a). 
Similar numbers of insect predators were collected at each distance on all dates sampled in 
all fields (Appendix B). 
1999 sticky traps. In field 9, significantly fewer E. fabae were collected on sticky 
traps in the uncut strip than in the regrowth during wk I and 3 (F= 1.11, df = 1,3, P = 0.01; 
F= 16.60, df = 1,3, P = 0.03) (Fig. 3c). In contrast, similar numbers of E. fabae were found 
at each distance in the control (F = 1.43, df = 1,3, P = 0.32; F = 0.22, df = 1,3, P = 0.67) 
(Fig. 3d). In field 10, almost twice as many E. fabae were found on sticky traps as in field 9. 
Similar numbers of E. fabae were collected at each distance sampled in the treatment and 
control for the first two sampling dates (Fig. 3e, f). During wk 3,4, and 5, significantly 
38 
fewer E. fabae were collected in the uncut strip than in the regrowth (F= 26.91, df= 1,3, P = 
0.0l;F = 15.94, df = 1,3, P = 0.02; F =9.60, df= 1,3, P = 0.05) (Fig. 3e). In contrast, 
similar numbers of E. fabae were collected at each distance in the control except during wk 5 
(F=15.94, df= I, 3, P=0.05) (Fig. 3f). 
Similar numbers of insect predators were collected at each distance on all dates 
sampled in all fields (Appendix B). Relatively few predators were collected in these fields 
(<l per sticky trap). 
2000 sweep samples. Uncut strips attracted E. fabae for 2-3 wks after harvest in 
most fields examined. During the Ist wk of sampling, there were significantly more E. fabae 
in the uncut strip than in the regrowth in fields 11 and 12 (F=45.27, df = 1,19, P < 0.0001 ; F 
= 13.92, df = 1,19, P = 0.001) (Fig. 4a, c). Similar numbers of E. fabae were collected at 
each distance in the control (F = 0.00, df = 1,19, P = 1.00; F=4.06, df = 1,19, P = 0.06) 
except during the 2nd wk of sampling (Fig. 4b, d). In field 12, there were fewer E. fabae 
collected in the uncut strip than in the regrowth during the 2nd wk (F = 6.22, df = 1,19, P = 
0.02). Similarly, during the 3rd wk fewer £. fabae were observed in the uncut strip than in 
the regrowth in field 11 (F = 22.69, df = 1,19, P = 0.0001) (Fig. 4a, c). 
There were more nabids observed in the uncut strip than in the regrowth during the Ist 
wk in field 11 (F= 5.75, df = 1,19, P = 0.03). By the 3rd wk, fewer nabids were collected in 
the uncut strip in field 11 and 12 (F= ll.61,df= 1,19, P = 0.003; F - 4.76, df = 1,19, P = 
0.04), but there were more anthocorids collected in the uncut strip in field 12 during wk 4 (F 
= 4.90, df= 1,19, P = 0.04). 
2000 sticky traps. During the 1st wk of sampling, there were more adult E. fabae in 
the uncut strip during wk 1 and at l m away in wk 2 in field 11 (F= 10.18, df = 1,3, P = 
0.05) (Fig. 4e). During the 2nd and 5th wk in field 12. there were significantly fewer E. fabae 
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found in the uncut strip than in the regrowth (F= 10.18, df = 1,3, P = 0.05; F = 20.82, df= 
1,3, P = 0.02) (Fig. 4g). Similar numbers of E. fabae were observed at each distance in the 
control strip (F = 0.15, df= 1,3, P = 0.72; F = 0.00. df = 1,3, P = 0.99) (Fig. 4f, h). There 
were more coccinellids observed in the control during wk 1 in field 12 (F= 12.50, df = 1,3, P 
= 0.04). 
Discussion 
Uncut strips in alfalfa fields attract insect pests including Lygus spp., 
Theriaphis maculata (Buckton) (Homoptera: Aphidae), Adelphocoris sp., and E. fabae 
(Scholl and Medler 1947, Schlinger and Dietrick I960, Stem et al. 1964, Rakickas and 
Watson 1974, Godfrey and Leigh 1994). Scholl and Medler (1947) used trap strips to 
manage insect pests, including E. fabae, in alfalfa seed production. They left an uncut strip 
approx. 5 m wide in alfalfa and allowed 10 d for insects to colonize the strip, which was then 
dusted with DDT (25 lbs/acre). The number of E. fabae found in the uncut strips was 10-16 
times higher than in the alfalfa regrowth. 
In this 3-yr study, we found that uncut strips contained 3-10 times more E. fabae than 
the regrowth in 73% of the fields examined for 2-3 wk. These uncut strips also delayed 
E. fabae colonization of the alfalfa regrowth for 2-3 wk after harvest, which is important 
when an alfalfa field is harvested approximately every 4-5 wk. Alfalfa harvesting results in 
the death of E. fabae eggs within the alfalfa stems and also causes high nymphal mortality 
(Simonet and Pienkowski 1979). The delay of E. fabae recolonization into the alfalfa 
regrowth as a result of uncut strips could reduce the number of £. fabae nymphs that develop 
into adults, because it takes about 3 wk for E. fabae to develop from egg to adult (Hogg 
1985). 
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Using uncut strips also attracts natural enemies, thereby retaining them in the field 
(Schlinger and Dietrick I960, Godfrey and Leigh 1994, Hossain et al. 2001). Schlinger and 
Dietrick (1960) observed higher numbers of predatory coccinellids, chrysopids, 
hymenopterans, and hemipterans in uncut alfalfa strips. Similarly, Hossain et al. (2001) 
documented more coccinellids and spiders in uncut strips compared with harvested alfalfa. 
Godfrey and Leigh (1994) found that strip harvesting in alfalfa attracted adult Orius and 
Nab is spp. Orius and Nabis spp. were among the most numerous insect predators collected 
by our sweep sampling and were more abundant in the uncut strips than in the regrowth in 
55% of the fields examined. We also found higher numbers of coccinellids and neuropterans 
in 35% of the uncut strips, but the relative numbers of these predators were less than 50% 
that of the hemipteran predators. Many of the predatory species collected in our samples 
have been observed to feed on E. fabae and may be important in suppression (Yadava and 
Shaw 1968, Martinez and Pienkowski 1982, Rensneretal. 1983, Weiser 2001 Chapter 4). 
Leaving an uncut alfalfa strip may also benefit other wildlife, such as nesting birds. 
In Michigan, the eastern meadowlark, dickcissel, bobolink, and field and savannah sparrows 
are attracted to uncut alfalfa fields (Michigan State Department of Natural Resources, 1999). 
In California, August alfalfa harvest is delayed to minimize disturbance to greater sandhill 
crane nests and young broods that may be damaged by harvesting equipment (Epperson et al. 
1999). Iowa alfalfa is host to several bird species including red-winged blackbirds, ringneck 
pheasants, and dickcissels, which are also negatively affected by harvesting (Frawley and 
Best 1991). Uncut strips left in alfalfa may provide undisturbed nesting sites for these and 
other birds using alfalfa. 
In 1998 and 2000, for 2-3 wk following the harvest of alfalfa, the number of E. fabae 
observed in the uncut strips of alfalfa was greater than in the regrowth. In 1999, however, 
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the strip harvesting technique did not have the same effect on £. fabae distribution. We 
observed that the number of leafhoppers collected in 1999 was 3-10 times higher than that in 
1998 and 2000 (Table 2). It is possible that a 3 x 100-m uncut strip of alfalfa was not large 
enough to support a high E. fabae population and resulted in colonization of the alfalfa 
regrowth immediately after harvest. 
We used two sampling methods (sticky traps and sweep samples) to assure that data 
were collected each week, regardless of weather. Sticky traps provided data each week, 
whereas sweep samples were taken only when fields were dry. We used sweep samples 
because sticky traps do not collect nymphal E. fabae or certain predatory species found in 
alfalfa. Numbers of E. fabae collected in sweep samples and sticky traps were different but 
showed similar trends for a higher number of E. fabae found in the uncut strips compared 
with the regrowth. DeGooyer et al. (1998b) also observed that sticky trap and sweep sample 
data taken for E. fabae were comparable. There was a difference in the number of predators 
collected by each of these techniques, however; numbers were 100- to 300-fold higher in 
sweep samples compared with sticky traps. Sweep samples collected most of the insect 
predators commonly found in the alfalfa foliage, whereas sticky traps collected only selected 
predators. Nabis spp. and O. insidiosus were never found on sticky traps, but were among 
the most numerous predators collected by the sweep net. 
This research offers information on a potential management technique for alfalfa 
growers in the Midwest. A 3-m-wide strip of alfalfa may delay recolonization of the 
regrowth by E. fabae while maintaining beneficial insect predators in the field. Our data 
demonstrate that a 3 x 100-m uncut strip delays £. fabae colonization of the regrowth up to 
40 m away for 2-3 wk after harvest Based on this research, strip harvesting would be best 
utilized with 40 m of alfalfa regrowth on either side of an uncut strip. Therefore, leaving an 
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uncut strip every 80 m might be sufficient to serve as a trap for E. fabae, this estimate of the 
frequency of uncut strips needs to be tested, however. A grower has several options in the 
management of the uncut strip of alfalfa. For example, the strip can be left until second 
harvest and then harvested along with the rest of the field, leaving a new uncut strip in a 
different location in the field. Leafhopper populations in the uncut strip can also be reduced, 
if necessary, by harvesting the strip early or spraying the strip with a selective insecticide. 
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Table 1. Location and size of alfalfa fields used for field and field plot trials 
Field Year Location (IA) Latitude/Longitude Field size (ha) 
Large-Scale Field Trials 
I 1998 Chariton 41 °0290N/93°2872W 8.1 
2 1998 Pella 41 °4226N/92°9246W 7.5 
3 1998 Pella 41 °4226N/92°9246W 7.5 
4 1998 Farmersburg 42°9505N/91 °3110W 17.0 
5 1999 Chariton 4l°0290N/93°2872W 14.2 
6 1999 Pella 41 °4226N/92°9246W 7.5 
7 1999 Peosta 42°424 lN/90°8165W 11.3 
8 1999 Farmersburg 42°9505N/91°3110W 17.0 
Small-Scale Field Plot Trials 
9 1999 Ames 42°0269N/93°6680W 0.3 
10 1999 Ames 42°0347N/93°6198W 0.3 
11 2000 Ames 42°0269N/93°6680W 0.3 
12 2000 Ames 42°0347N/93°6198W 0.3 
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Table 2. Mean (±SE) number of E. fabae collected per 20 sweeps from Iowa alfalfa 
fields in 1998, 1999, and 2000. Means are pooled over time within a year 
Field 1998 1999 2000 
Chariton 23.60 ±6.87 11.52 ±1.42 — 
Pella 12.13 ± 1.36 30.04 ±5.03 — 
Pella 18.87 ±2.52 — — 
Ames — 66.58 ±6.45 5.19 ± 1.27 
Ames — — 10.10 ± 1.71 
Dubuque — 51.8 ±7.4 — 
Farmersburg 29.71 ±4.88 93.18 ±6.87 — 
Mean 21.08 ±3.72 50.62 ± 14.18 7.65 ± 2.46 
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Figure legends 
Fig. I. The mean number of E. fabae per 20 sweeps (a-d) and mean number per sticky trap 
(e-h) taken in the uncut strip, 1 m, 5 m, 10 m, and 40 m away in four Iowa alfalfa fields after 
first harvest in 1998. 
* statistical significance at P < 0.05 
1 data unavailable due to rain 
Fig. 2. The mean number of E. fabae per 20 sweeps (a-d) and mean number per sticky trap 
(e-h) taken in the uncut strip, 1 m, 5 m, 10 m, and 40 m away in four Iowa alfalfa fields after 
first harvest in 1999. 
* statistical significance at P < 0.05 
a data unavailable due to rain 
Fig. 3. The mean number of E. fabae per 20 sweeps (a-b) and mean number per sticky trap 
(c—f) taken in the uncut strip, 1 m, 5 m, 10 m, and 40 m away in two Iowa alfalfa fields after 
first harvest in 1999 (Field 9 = a-d, Field 10 = e-f). Left and right columns represent uncut 
strip treatment plots and cut control plots, respectively. 
* statistical significance at P < 0.05 
a data unavailable due to rain 
Fig. 4. The mean number of £. fabae per 20 sweeps (a-d) and mean number per sticky trap 
(e-h) taken in the uncut strip, I m, 5 m, 10 m, and 40 m away in two Iowa alfalfa fields after 
first harvest in 2000 (Field 11 = a-b, e-f, Field 12 = c-d, g-h). Left and right columns 
represent uncut strip treatment plots and cut control plots, respectively. 
* statistical significance at P < 0.05 
1 data unavailable due to rain 
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Figure 3 
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CHAPTER 4. PREDATION OF IMMATURE AND ADULT POTATO 
LEAFHOPPERS BY FOUR PREDATORY INSECT SPECIES 
A paper to be submitted to Biological Control 
L. A. Weiser and J. J. Obrycki 
Abstract 
The potato leafhopper, Empoasca fabae (Harris) (Homoptera: Cicadellidae), is an 
important insect pest of alfalfa {Medicago sativa L. [Fabaceae]), but relatively few studies 
have examined prédation nf E. fabae. In this study, we quantified attack rates of E. fabae 
adults and nymphs by four predatory species: Coleomegilla maculata (Degeer) (Coleoptera: 
Coccinellidae), Chrysoperla carnea Stephens (Neuroptera: Chrysopidae), Nabis roseipennis 
(Reuter) (Hemiptera: Nabidae), and Orius insidiosus (Say) (Hemiptera: Anthocoridae). 
Individual predators and E. fabae were introduced into a feeding arena for 24 hours 
(individual fava bean plants [Viciafaba] enclosed within dialysis tubing). Adult C. maculata 
attacked 4.2 nymphs and 1.6 adults at the high-prey density (15 £. fabae nymphs or 10 
adults) and 2.0 nymphs and 0.6 adults at the low-prey density (5 E. fabae nymphs or 3 
adults). Orius insidiosus attacked twice as many E. fabae nymphs than adults at the high 
density (2.9 versus 1.2). In contrast, similar numbers of nymphal and adult E. fabae were 
attacked by adult N. roseipennis (1.4 versus 2.1) and C. carnea larvae (4.6 versus 3.5, 1.2 
versus 0.8; high and low density, respectively). Chrysoperla carnea larvae attacked more 
£ fabae nymphs and adults than C. maculata, N. roseipennis, and O. insidiosus adults 
attacked E. fabae. Populations of these predatory species may play a role in maintaining low 
population densities of £ fabae in alfalfa. 
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Introduction 
One of the key pests of alfalfa, Medicago sativa, an important forage crop in the 
midwestem United States, is the potato leafhopper, Empoasca fabae (Giles et al. 1999). 
Growers in Iowa frequently spray insecticides for E. fabae control (Lefko et al. 1999); 
however, these insecticide applications not only kill E. fabae but also its natural enemies. A 
large number of arthropod predatory species are found in alfalfa including 
Coleomegilla maculata, Nabis roseipennis, Nabis americoferus (Carayon) (Hemiptera: 
Nabidae), Orius insidiosus, Podisus maculiventris (Say) (Hemiptera: Pentatomidae), 
Chrysoperla carnea, and Chrysopa occulata Say (Neuroptera: Chrysopidae) (Wheeler 1977, 
Weiser 2001 ). Several of these species prey upon £ fabae nymphs and adults, (Fenton and 
Hartzell 1923, Wheeler 1977), but relatively few studies have quantified prédation on 
E. fabae (Yadava and Shaw 1968, Lavallee and Shaw 1969, Martinez and Pienkowski 1982, 
Rensner et al. 1983). Martinez and Pienkowski (1982) showed that 0. insidiosus and 
N. americoferus (=Reduviolus) prey upon E. fabae eggs within broad bean ( Vicia faba L. 
[Fabaceae]) stems reducing nymphal emergence by 25% and 39%, respectively. Several 
species of Coccinellidae, N. americoferus, and larval C. carnea prey upon E. fabae nymphs 
(mean consumption rates range from 0.4 to 3.0/day) and adults ( 1.9-3.2/day) in petri dishes 
containing a single broad bean leaf (Martinez and Pienkowski 1982). Other studies 
demonstrated leafhopper prédation by C. occulcta and several coccinellid species, but used 
unidentified species of leafhoppers as prey (Yadava and Shaw 1968, Lavallee and Shaw 
1969). 
These predatory species may be important in the maintaining of low populations of 
E. fabae in alfalfa (Wiedenmann and O'Neil 1991). Management techniques that attract 
E. fabae and predatory species, such as leaving an uncut alfalfa strip at harvest, may enhance 
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biological control by concentrating E. fabae (Weiser 2001 chapter 3). The objective of this 
study was to quantify the prédation rate of nymphal and adult E. fabae by four insect 
predatory species commonly found in alfalfa, C. maculata, C. carnea, N. roseipennis and 
0. insidiosus. 
Materials and Methods 
Empoasca fabae were from a colony maintained on fava bean ( Vicia faba, Windsor 
variety, Bakker Bros., Twin Falls, ID) at Iowa State University. Empoasca fabae collected 
from alfalfa were added to the colony each summer. Adult O. insidiosus and N. roseipennis 
were collected in central Iowa alfalfa fields. Coleomegilla maculata adults were obtained 
from a colony maintained for less than three generations at Iowa State University. 
Chrysoperla carnea larvae were purchased from Rincon Vitova Insectaries, Inc. (Ventura, 
CA) and reared through one generation before experimentation. Chrysoperla carnea third 
instars were used, because adults are not predaceous (Tauber and Tauber 1973). All 
predators were maintained on a diet of Acyrthosiphon pisum (Harris) (Homoptera: Aphidae) 
at 24 ± l°C, 16:8 (L:D) in tabletop growth chambers (Percival, Boone, IA). 
Feeding trials were conducted in a greenhouse with a photoperiod of 16:8 (L:D) 
(natural light supplemented by 400 watt bulbs [Rudd Lighting, Inc, Racine, WI]) at 23 ± 5°C 
at Iowa State University. The top two leaf pairs (fully and partially expanded) of individual 
fava beans were caged using 14 x 2.9-cm dialysis tubing (Spectra/Por®, Spectrum 
Laboratories, Inc., Ranch Dominguez, CA). Circular pieces of foam sealed each end of the 
dialysis tubing. A relatively high-prey density of either 15 E. fabae nymphs (all stages) or 10 
adults was anesthetized with CO? for 20 seconds and placed into each dialysis cage. These 
prey densities were based on those used by Rensner et al. ( 1983). In addition, a lower-prey 
density consisting of either five E. fabae nymphs (all stages) or three adults in each dialysis 
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cage was given to C. maculata females and C. carnea larvae. One hour after E. fabae were 
released in cages, one third-instar C. carnea or one adult female 0. insidiosus, C. maculata, 
or M roseipennis was introduced into each cage. All predators were starved for 24 hours 
prior to the start of an experiment. Feeding trials lasted 24 hours after which, predators were 
removed and the number of dead E. fabae were recorded for cages containing C. carnea 
larvae, N. roseipennis, and O. insidiosus. Because C. maculata consumed the entire 
leafhopper, the number of missing E. fabae was recorded. Control cages without predators 
were established for each predator trial. The leaf area enclosed in a cage was measured using 
a leaf area meter (Model LI-3100, LI-COR, Lincoln, NE). Number of E. fabae dead per 24 h 
reported was corrected for control using Abbott's formula (Abbott 1925). Mortality was 
analyzed as number of dead E. fabae per cm" leaf area to compensate for differences in leaf 
area among individual cages, which may affect predator searching time (Risch et al. 1982, 
O'Neil and Stimac 1988, Garcia and O'Neil 2000). There were five replicates (cages) per 
treatment and control. Each series of predator trials was repeated twice (blocked over time); 
thus, there were 10 replicates per treatment in two blocks of 5 replicates. Data were analyzed 
using ANOVA blocked by time (SAS Institute 1998). Blocks were not significant (P = 
0.99); therefore, we combined trials so that we analyzed 10 replicates per treatment and 
control. Factors analyzed were replicate, predator species, prey developmental stage, and 
prey density. Mean separations were performed using LSD T-test at a = 0.05 probability 
level (SAS Institute 1998). Voucher specimens are deposited in the Department of 
Entomology Insect Collection, Iowa State University, Ames, Iowa. 
Results and Discussion 
This study confirms that these predatory species attack E. fabae (Table 1). 
Coleomegilla maculata females attacked from 0.6 to 4.2 E. fabae per 24 hours (Table I). 
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They also attacked about two and four times as many nymphs as adult E. fabae at the high -
and low prey density, respectively (P < 0.05) (Tables I, 2). Empoasca fabae mortality in the 
C. maculata treatment and control cages was statistically different (P < 0.0001) (Tables 1,2). 
Previously, Martinez and Pienkowski (1982) reported that two different coccinellid species 
(Hippodamia convergens Guerin and Coccinella novemnotata Herbst. [Coleoptera: 
Coccinellidae]) attacked a higher number of £ fabae nymphs compared with adults. This is 
consistent with coccinellid foraging behavior, in which prey searching is random (Hodek 
1973, Risch et al. 1982). Initial random searching of the feeding arena would likely result in 
contact with more nymphs than adults, because nymphs are apterous and remain on the bean 
plant. In these arenas, adult E. fabae were observed on the leaves but flew to another area of 
the cage when disturbed. 
Orius insidiosus attacked over twice as many nymphs as adult E. fabae (2.9 versus 
1.2 E. fabae per 24 hours) (P = 0.005) (Tables 1,2). Mortality was higher in treatment than 
in control cages (P = 0.0004) (Tables 1,2). During the feeding experiment, many of the 
£ fabae nymphs remained in the leaf folds or axils of the bean plant as compared with adults 
that stayed on foliage until disturbed. Orius insidiosus searches axils for 
Sericothrips variabilis (Beach) (Thysanoptera: Thripidae) (Isenhour and Yeargan 198 la). 
Isenhour and Yeargan ( 198 la) observed most predator-prey encounters occurred on the 
upper midribs of a soybean trifoliate and at the petiole junction. In addition, O. insidiosus, 
because of their small size, may prefer to attack smaller prey items. Isenhour and Yeargan 
(198 lb) observed higher attack rates of O. insidiosus on Ist instar S. variabilis compared with 
older developmental stages. 
Attack rates on £. fabae nymphs and adults were similar in the N. roseipennis trials 
(P = 0.26) (Tables 1,2). Nymphal mortality was similar to control (P > 0.05) (Table 1). 
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This similarity may have been caused by relatively high nymphal mortality in control cages. 
The cause for this high control mortality is unknown, because all nymphs were treated 
similarly. Although all E. fabae were anesthetized for 20 seconds with CO2, it is possible 
that some nymphs received a higher volume of CO2, resulting in increased control mortality. 
Rensner et al. (1983) observed that N. roseipennis females attacked twice as many nymphal 
E. fabae compared with adults. We observed a lower number of adult £ fabae attacked by 
N. roseipennis than Rensner et al. (1983) (2.1/24 hours compared with 5.2/24 hours). 
Rensner et al. (1983) used petri dish arenas for feeding trials, however, which may have 
facilitated prey searching by M roseipennis, whereas we used plants that represented a more 
complex feeding arena. Donahoe and Pitre (1977) suggested that M roseipennis 
(=Reduviolus) may find prey by chance (random searching), and therefore searching a larger 
area with more complex plant structure may result in lower prédation rates. 
Chrysoperla carnea larvae attacked similar numbers of nymphal and adult £. fabae at 
each density, and attack rates ranged from 0.8 to 4.6 £ fabae per 24 hours (P = 0.53) (Tables 
1,2). Mortality was higher in treatment than in control cages (P < 0.0001) (Tables 1,2). 
Previously, Martinez and Pienkowski (1982) showed similar numbers of nymphal and adult 
£ fabae attacked by C. carnea larvae. Chrysoperla carnea initially searches for prey 
randomly but can detect prey at relatively close distances by olfactory cues (Canard et al. 
1984). Unlike C. maculata adults, which also search randomly, C. carnea larvae slowly 
move toward prey once found (Canard et al. 1984), which may be an advantage for capture 
of adult £ fabae. 
Chrysoperla carnea larvae attacked up to 3 times more E. fabae compared with the 
other predatory species (P < 0.0001) (Table 3). Martinez and Pienkowski (1982) observed 
higher rates of prédation by H. convergens and C. novemnotata larvae compared with adults. 
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Typically, during the last instar, insects increase lipid content, presumably for adult 
reproduction (Slansky 1982) and therefore, most likely, require more food for development. 
Although these predatory species will feed on E. fabae in the laboratory, attack rates 
should be interpreted with caution. We observed attack rates from 0.6 to 4.6 E. fabae per day 
(C. maculata low- and C. carnea high-prey density, respectively) (Table I), but typically, 
insect predatory species consume more prey items under artificial conditions than in the field 
(O'Neil 1989, Munyaneza and Obrycki 1997). Podisus macitliventris consumed up to 4.4 
Epilachna varivestis (Mulsant) (Coleoptera: Coccinellidae) per day in the laboratory, 
whereas in the field they only consumed, on average, 0.41 per day (O'Neil 1989). 
Coleomegilla macidata larvae attacked half as many Leptinotarsa decemlineata eggs (Say) 
(Coleoptera: Chrysomelidae) in the field compared with laboratory trials (8.7 and 17.6 eggs, 
respectively) (Munyaneza and Obrycki 1997). Ideally, in laboratory feeding trials, prey 
densities should reflect field densities. The density of E. fabae used in these feeding trials 
was chosen for comparison with other studies, and therefore is higher than estimated 
densities of E. fabae found in alfalfa fields. In alfalfa, adult E. fabae densities average 0.002 
per cm2 of leaf area, which reflects a lower density than what we examined in this study (0.2 
to 1.7 adults per cm" of leaf area) (Weiser 2001, chapter 5). Although these predatory 
species find and attack E. fabae in the laboratory, we propose that attack rates are lower in 
the field because insect predatory species would encounter fewer E. fabae. 
Searching time plays a major role in the difference between the numbers of prey 
consumed in the laboratory compared with the field. In the laboratory, predatory species 
have a finite space to search for prey and therefore spend less time searching. In contrast, 
there is a much greater area in a field to search for prey. Prey density, in turn, affects the 
searching time of predatory species (Isenhour and Yeargan 198 la, Wiedenmann and O'Neil 
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1991). Searching time of 0. insidiosus decreased with increased prey density (Isenhour and 
Yeargan 1981a). In C. maculata and C. carnea trials, mortality was higher in the high-
density trials compared with the low-density trials (C. maculata P = 0.0001, C. carnea P < 
0.0001) (Table 2) because of the increased probability of predators finding prey. 
Management techniques that trap or concentrate pest species in a relatively small area may 
decrease searching time of predatory species. For example, E. fabae are attracted to uncut 
alfalfa strips thereby increasing the density of E. fabae per plant in these areas, which may 
increase rates of prédation by decreasing predator searching time (Weiser 2001 chapter 3). 
In addition, insect predators are attracted to these uncut strips (Schlinger and Dietrick 1960, 
Godfrey and Leigh 1994, Hossain et al. 2001, Weiser 2001 chapter 3) and consequently, the 
increased density of E. fabae in these uncut strips may result in increased functional and 
numerical response of predatory species. 
Generalist predators appear to be adapted to agricultural systems with varying prey 
density levels (O'Neil and Wiedenmann 1987). When prey densities are low, generalist 
insect predators typically maintain longevity at the expense of reproduction (O'Neil and 
Wiedenmann 1987, Crum et al. 1998). However, when prey become abundant predators 
increase consumption and reproductive output (numerical response). 
The predatory species used in this study are generalist predators and therefore do not 
attack E. fabae as their sole prey source and may not preferentially feed on E. fabae. For 
example, under laboratory conditions, N. americoferus consumed 3 times more pea aphids 
than E. fabae nymphs in preference tests (Flinn et al. 1985). It is uncertain what percentage 
of generalist predatory species diet is made up by E. fabae. However, these insect predators 
may be collectively important in E. fabae suppression when prey population numbers are 
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low, and prédation may be enhanced by management tactics that concentrate E. fabae 
(Weiser 2001 chapter 3). 
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Table 1. Mean number ± SE dead £. fabae per 24 h and mean attack rate ± SE 
per 24 b by four predatory species. Different letters indicate statistical 
significance at P<0.05 within predatory species and prey density 
# E. /aôaedead/24h Corrected Attack rate/cm* 
Predatory Species Density Prey (control mortality) mortality* (Control attack rate) 
C. maculata High Adult 1.60 = 0.40 1.6 0.11 =0.03 b 
(0.00 = 0.00) (0.00 = 0.00) c 
Nymph 4.90 = 0.77 4.2 0.27 = 0.05 a 
(0.70 ± 0.26) (0.48 = 0.02) be 
Low Adult 0.60 = 0.22 0.6 0.03 = 0.01 b 
(0.00 = 0 00) (0.00 = 0.00) c 
Nymph 2.40 ± 0.43 2.0 0.12 = 0.02 a 
(0.40 ±0.16) (0.02 = 0.01) be 
0. insidiosus High Adult 1.70 ±0.30 1.2 0.08 = 0.02 b 
(0.50 = 0.22) (0.03 = 0.01) b 
Nymph 4.10 = 0.92 2.9 0.17 = 0.03 a 
(1.20 ±0.36) (0.16 = 0.03) b 
•V. roseipennis High Adult 2J8 ± 0.74 2.1 0.15 = 0.06 a 
(0J0±0.15) (0.01 =0.01) b 
Nymph 3.44 ±0J9 1.4 0.13 ±0.03 a 
(2.10 ±0.41) (0.10 = 0.03) ab 
C. carnea larvae High Adult 4.40 ±0.70 0.37 ± 0.08 a 
3J 
(0.90 ±0.46) (0.14 ±0.09) b 
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Table I. (continued) 
# E. /fl6aedead/24h Corrected Attack rate/cm 
Predatory Species Density Prey (control mortality) mortality* (Control attack rate) 
Nymph 5.90 ±0.77 4.6 0.48 ±0.10 a 
( 1.40 ±0.27) (0.11 ±0.02) b 
Low Adult 1.00 ±0.33 0.8 0.07 = 0.03 a 
(0.20 = 0.13) (0.01=0.01) b 
Nymph 1.50 ±0.34 1.2 0.10 = 0.02 a 
(0.30=021) (0.02 = 0.01) b 
a Using Abbott's formula 
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Table 2. ANOVA table for E. fabae mortality/cm2 caused by C. maculata, C. carnea, 
;V. roseipennis and O. insidiosus in laboratory feeding trials. Predatory species were 
analyzed separately 
Source DF F Value Pr>F 
Coleomegilla maculata 
Replication 
Stage 
Predator 
Density 
Stage* Predator 
Stage'Density 
Predator* Density 
Stage* Predator* Density 
Onus insidiosus 
Replication 
Stage 
Predator 
Stage* Predator 
Afabis roseipennis 
Replication 
Stage 
Predator 
Stage* Predator 
0.86 
26.72 
53.62 
16.18 
9.17 
2.45 
9.41 
037 
0.95 
8.64 
15.47 
1.23 
0.51 
I J 1  
6.99 
2.71 
0.5688 
<0.0001 
<0.0001 
0.0001 
0.0034 
0.1220 
0.0031 
0.5435 
0.5007 
0.0058 
0.0004 
0.2756 
0.8556 
02599 
0.0126 
0.1093 
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Table 2. (continued) 
Source DF F Value Pr>F 
Chrysoperla carnea 
Replication 9 135 0.2311 
Stage I 0.40 0.5283 
Predator I 19.12 <0.0001 
Density I 29.67 <0.0001 
Stage* Predator 1 0.99 03217 
Stage* Density I 0.08 0.7759 
Predator* Density I 7.52 0.0077 
Stage* Predator* Density I 0.52 0.4738 
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Table 3. ANOVA table for E. fabae mortality/cm2 caused by C maculata, C. carnea, 
N. roseipennis and O. insidiosus in laboratory feeding trials 
Source DF F Value Pr>F 
Replication 9 1.17 0.3135 
Species 3 19.53 <0.0001 
Stage 1 4.61 0.0330 
Predator 1 13.71 0.0003 
Density 1 53 JI <0.0001 
Species'Stage 3 0.73 0.5346 
Species'Predator 3 5J8 0.0014 
Species* Density 3 16.85 <0.0001 
Stage* Predator I 2.42 0.1208 
Stage'Density I 0.83 0.3638 
Predator* Density I 16.47 <0.0001 
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CHAPTER 5. POPULATION DYNAMICS OF EMPOASCA FABAE (HOMOPTERA: 
CICADELLIDAE) AND NATURAL ENEMIES IN CENTRAL IOWA ALFALFA 
FIELDS 
A paper to be submitted to Environmental Entomology 
L. A. Weiser and J. J. Obrycki 
Abstract 
Adults and nymphs of Empoasca fabae Harris (Homoptera: Cicadellidae) and adults 
of predatory species in the families Coccinellidae, Anthocoridae, Nabidae, Chrysopidae, and 
Hemerobiidae were sampled in Iowa alfalfa fields from June until September in 1999 and 
2000. Partial life tables were constructed for E. fabae nymphs for two alfalfa growing 
periods. Nymphs were grouped into three age intervals: V and 2nd. 3rd and 4Ul. and 5th instars. 
For the Ist growing period examined, E. fabae nymphal mortality was 70% and 49% in 1999 
and 2000, respectively. During the last growing period of each season (August-September), 
total nymphal mortality was relatively low (<25%). Adult E. fabae density ranged from 
5.4-25.6 and 1.4-9.2 per 0.25 m2 in 1999 and 2000, respectively. Empoasca fabae 
population peaks were similar for each age interval in all growing periods. However, higher 
numbers of older instars (5th instars) compared to younger instars were associated with high 
populations of O. insidiosus during the last growing period. Orius insidiosus (Say) 
(Hemiptera: Anthocoridae) was the most numerous insect predatory species; population 
numbers ranged from 0-1 and 0.1-3.7 adults per 0.25 m2 in 1999 and 2000, respectively. 
This study provides further information on the population dynamics of E. fabae and 
predatory species in alfalfa. 
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Introduction 
The potato leafhopper, Empoasca fabae Harris (Homoptera: Cicadellidae) is a key 
pest of alfalfa in the midwestern United States (Giles et al. 1999). Although it is typically 
not an economic pest of the 1st alfalfa growth, it can be an economic pest of the 2nd and 3rd 
growths (DeGooyer et al. 1998b, Giles et al. 1999). Empoasca fabae oviposit eggs singly in 
stems or petioles of host plants and nymphs develop through five instars (Fenton and Hartzell 
1923, Simonet and Pienkowski 1977). Developmental time from egg to adult is 
approximately three weeks, depending on temperature (Hogg 1985). Feeding on alfalfa by 
E. fabae reduces quality and yield by reducing the amount of photosynthate produced in the 
plant (Medler 1941). In Iowa, there are three overlapping generations of E. fabae per year 
(DeGooyer et al. 1998b). 
Several studies have reported on the population dynamics of E. fabae (Hogg, 1985, 
DeGooyer et al. 1998b). Population dynamics can be influenced by a variety of factors 
including weather, host plants, and natural enemies (Hogg and Hoffman 1989). Temperature 
influences E. fabae developmental time (Kouskolekas and Decker 1966, Hogg 1985), adult 
oviposition rate and longevity (Hogg 1985). In addition, survivorship of E. fabae can be 
negatively affected by low relative humidity (DeLong 1938). Host plants can also affect 
E. fabae developmental time and adult oviposition (Hogg and Hoffman 1989, Peterson et al. 
1992). However, no studies have investigated field E. fabae population dynamics in relation 
to natural enemies using life table analysis. 
Natural enemies of E. fabae have been identified, but little is known about their 
impact on E. fabae populations in alfalfa (Fenton and Hartzell 1923, Yadava and Shaw 1968, 
Wheeler 1977, Martinez and Pienkowski 1982, Rensner et al. 1983). Epizootics in E. fabae 
populations caused by the fungus Zoophthora radicans have been reported in Illinois and 
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Wisconsin (McGuire et al. 1987). However, the only record of Z. radicans in Iowa is by 
Fenton and Hartzell (1923) who observed epizootics in E. fabae infesting potato fields. In 
laboratory studies, several coccinellid species prey upon E. fabae including 
Coleomegilla maculata (Degeer), Coccinella novemnotata Herbst., and Hippodamia 
convergens (Guerin) (Martinez and Pienkowski 1982, Weiser 2001 Chapter 4). Weiser 
(2001 Chapter 4) observed attack rates of 0.6 and 4.6 E. fabae per day by C. maculata adults 
and C. carnea larvae, respectively. Similarly, Nabis roseipennis (Reuter) (Hemiptera: 
Nabidae) consumed 4-5 E. fabae adults and 8-10 nymphs per day in the laboratory (Rensner 
et al. 1983). Other predatory species, such as M americoferus (Carayon) and 
Orius insidiosus (Say) (Hemiptera: Anthocoridae), locate and attack E. fabae eggs found in 
plant tissue (Martinez and Pienkowski 1982). Rensner et al. (1983) observed that nabid 
populations peak with E. fabae populations in Illinois alfalfa fields. In Virginia, O. 
insidiosus and M americoferus were the most abundant predatory species comprising 35% 
and 32% of predators collected in alfalfa (Martinez and Pienkowski 1982). 
The objectives of this study were to (I) examine population dynamics of E. fabae and 
its natural enemies in Iowa alfalfa fields and (2) quantify within-generation E. fabae 
population changes using life table analysis. 
Materials and Methods 
Empoasca fabae populations were sampled in 2 alfalfa fields in Ames, IA in 1999 
and 2000. Each field was sectioned into ten 25-m2 quadrats. Samples were taken using a 
drop trap and a leaf blower with a suction attachment (WeedEater®, Model BV1650, 
Shreveport, LA) and a mesh collection net (DeGooyer et al. 1998a). The drop trap consisted 
of a Plexiglas box (0.5 x 0.5 x 0.5 m = 0.125 m3) with an open bottom. One suction sample 
was taken from each quadrat twice weekly from 1st harvest (late May/early June) until last 
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harvest (August/September). Suction samples were collected by inserting the leaf blower 
through a 20-cm diameter hole on the top of the drop trap and vacuuming insects from 
within. Insects left on the top of the drop trap were counted directly. Samples were placed in 
plastic bags and transported to the laboratory. The number of E. fabae nymphs, adults, and 
adult insect predators were recorded from each sample. The insects counted from drop box 
top were added to the sample. Based on size and wing pad development, E. fabae nymphal 
stages were divided into three age groups: lst-2nd, 3rd^4th, and 5th instars (Fenton and Hartzell 
1923). 
Partial life tables were calculated for the last 2 growing periods of alfalfa during 1999 
and 2000 to determine within-generation E. fabae population change. Data were not 
collected for the first growing period because E. fabae are migrating into Iowa and 
populations have not yet established. Empoasca fabae age intervals used were lst-2nd, 
3rd—4th, and 5th instars; adult E. fabae were not used in life table analysis because of 
fluctuating numbers due to immigration and emigration. Empoasca fabae eggs were not 
included in analysis because of problems encountered in clearing alfalfa stems. Life table 
statistics followed Southwood (1978): .t = age interval of E. fabae, /, = number of E. fabae at 
the beginning of each age interval, dx= number dying during the age class x interval, 100<jrx = 
percent mortality for age interval, 5,=survival rate within age interval x. Estimates of lx 
were determined by calculating the area under a curve method outlined by Southwood (1978) 
using ENSTAT 4.0 (Pedigo and Zeiss 1996). 
Results 
In 1999, population densities ofE. fabae were 2-3 times larger than those observed in 
2000 (Figs. 1,3). Empoasca fabae densities (± SE) ranged from 5.4 ± 2.9 to 25.6 ± 2.6 and 
0.1 ±0.1 to 3.3 ± 0.6 adults and nymphs, respectively, collected per 0.25 m2 (Fig. I). 
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Mortality rates during the second growing period were 44%, and 47% for Is-2nd and 3rd-4lh 
instars, respectively (Table la). Total mortality from l"-5* instar was 70% (Table la). 
During the third growing period, mortality was low for Is-5th instar resulting in a negative 
mortality rate (the number of 5th instars collected was greater than the number of Ist instars) 
(Table lb). 
Compared with E. fabae, the number of predatory insects collected was relatively low 
(0 - 1 per 0.25 m2) (Fig. 2). The only anthocorid species collected was 0. insidiosus and it 
was the most numerous predatory species collected in this study (0.1 ± 0.1 - 1.0 ± 0.3 per 
0.25 m2) (Fig. 2). Nabid populations, including N. roseipennis and N. americoferus, ranged 
from 0 to 0.4 ± 0.2 adults oer 0.25 m2 (Fig. 2). Coccinellid species collected were 
C. maculata, H. convergens, Hippodamia tredecimpunctata (Say), Harmonia axyridis Pallas, 
Cycloneda munda (Say), Hippodamia parenthesis (Say), and Coccinella septempunctata L. 
Coccinellid densities ranged from Oto 0.1 ±0.1 per 0.25 m2 (Fig. 2). Neuropterans collected 
consisted of both Chrysopidae and Hemerobiidae. However chrysopids, including 
Chrysoperla carnea Stephens and Chrysopa occulata (Say), were more abundant. We 
observed densities of neuropterans ranging from 0 to 0.1 ± 0.1 per 0.25 m2 (Fig. 2). 
In 2000, E. fabae densities collected per 0.25 m2 ranged from 1.4 ± 0.4 to 9.2 ± 1.0 
and 0 to 3.4 ± 1.0 adults and nymphs, respectively (Fig. 3). Mortality rates during the 3rd 
growing period were 21%, and 35% for lst-2nd and 3rd-4th instars, respectively (Table 2a). 
For this same growing period, total mortality for I *-5* instar was 49% (Table 2a). During 
the fourth growing period, mortality rate was 23% for I*-5* instar (Table 2b). 
Although we collected the same predatory species as in 1999; predator population 
numbers were relatively higher in 2000. Densities of anthocorids (O. insidiosus) ranged 
from 0.1 ±0.1 to 3.7 ± 0.6 adults per 0.25 m2 with higher numbers occurring during the last 
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growing period (Fig. 4). Orius insidiosus was the most numerous insect predator collected 
(Fig. 4). The second most abundant predators were nabids with densities ranging from 0 to 
0.5 ± 0.2 per 0.25 m2 (Fig. 4). Coccinellids and neuropterans had similar densities of 0 to 0.4 
± 0.2 adults per 0.25 m2 (Fig. 4). 
Discussion 
In 1999, E. fabae densities were 2-3 times higher than in 2000. This is consistent 
with other studies that examined E. fabae populations in Iowa from 1998-2000; E. fabae 
densities during 1999 were 3-10 times higher than those in 1998 and 2000 (Weiser 2001 
Chapter 3). Adult £. fabae were consistently found in suction samples from the start of 
sampling and nymphs were first collected during the 3rd wk of sampling. Flinn et al. (1990) 
observed that adult £. faboe do not usually colonize alfalfa regrowth until alfalfa reached a 
height of 5 cm, which was 10-15 days after alfalfa harvest. In contrast, we observed adult 
immigration somewhat earlier, approximately 7 days after harvest. Early colonization of 
alfalfa regrowth may result in a higher number of £. fabae in the next generation. Adult 
£. fabae oviposit 2-3 eggs per day during their lifetime (DeLong 1938) and since £. fabae 
are continuously reproducing, there is the potential for rapid growth (Hogg 1985). 
Empoasca fabae population peaks were similar for each age interval in all growing 
periods (Figs 1,3). However, we did not observe successive density peaks for each age 
interval. This pattern was consistent for each growing period and year. Sampling intervals 
were relatively short (every 3-4 days) providing adequate resolution of changes in population 
dynamics. It is possible that older instars were over sampled by our sampling technique. 
Mortality rates of £. fabae were consistently higher for the Ist life table constructed 
(2nd and 3rd generation in 1999 and 2000, respectively) than for the second in 1999 and 2000. 
For the 2nd life table in each year, £. fabae mortality rates were low (<25%). This is because 
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higher numbers of older instar £. fabae were collected than younger instars during this time 
period. Coincidentally, during this time, the number of 0. insidiosus was higher than during 
the prior growing period (Figs 1-4). This predatory species feeds on E. fabae and may have 
contributed to mortality of younger instars during this time, causing the difference between 
age intervals (Weiser 2001 Chapter 4). In addition, Weiser (2001 Chapter 4) observed in 
laboratory studies that O. insidiosus feeds on proportionally more younger than older 
E. fabae nymphs and may prefer to prey upon smaller insects in the field. Several other 
insect predatory species also feed on £. fabae in laboratory studies, including C. maculata, 
H. convergens, C. novemnotata, M roseipennis, M americoferus, and C. carnea larvae 
(Yadava and Shaw 1968, Lavallee and Shaw 1969, Martinez and Pienkowski 1982, Rensner 
et al. 1983, Flinn et al. 1985, Weiser 2001 Chapter 4). Several of these species were 
collected in this study. However, many of these predatory species are polyphagous and feed 
on other insects found in alfalfa (e.g. Acyrthosiphon pisum [Harris] [Homoptera: Aphidae]). 
Although several factors may affect E. fabae field populations (Hogg and Hoffman 1989), 
smaller E. fabae populations were observed in 2000 than in 1999 (Figs 1,3). In contrast, 
higher populations of predators were observed in 2000 than in 1999 (Figs 2,4). Although 
these predatory species may not be significant mortality factors they may be important in 
maintaining low E. fabae population densities in the field. 
This study offers further insight to the population dynamics of £. fabae and predatory 
species in alfalfa. Previous studies examined £. fabae development and natality in relation to 
temperature (Hogg 1985). Hogg (1985) observed that temperature affected £. fabae 
developmental time, natality and mortality in laboratory studies. Reproductive rates were 
higher and generation times were shorter at higher temperature regimes (Hogg 1985). Adult 
£. fabae adults colonized alfalfa regrowth about one week after harvest (DeGooyer et al. 
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1998b, this study), which may contribute to higher numbers of E. fabae in subsequent 
generations because of relatively high population growth rates. However, this may not be as 
significant during the second growth of alfalfa due to high nymphal mortality (70% and 49% 
in 1999 and 2000, respectively). Several predatory species occur simultaneously with 
E. fabae in alfalfa, but the most common predatory species collected was 0. insidiosus and 
may be partially responsible for early E. fabae instar mortality. 
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Table 1. Partial life table for E. fabae in alfalfa at Ames, Iowa in 1999. (a) Second 
growing period (b) Third growing period 
(a) 
X Ix dx 100«x Sx 
1-2 instars 38.02 16.77 44.11 55.89 
3-4 instars 21.25 9.99 47.01 52.99 
5 instar 11.26 
Total 26.76 70.38 29.62 
(b) 
x Ix dx lOOtfx Sx 
1-2 instars 34.79 4.14 11.90 88.10 
3-4 instars 30.65 -4.21 -13.74 113.74 
5 instar 34.86 
Total -0.07 -0.20 100.20 
.r = age interval of E. fabae 
lx = number of E. fabae at the beginning of each age interval 
dx = number dying during the age class x interval 
100<fc = percent mortality for age interval 
Sx = survival rate within age interval 
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Table 2. Partial life table for E. fabae in alfalfa at Ames, Iowa in 2000. (a) Third 
growing period (b) Fourth growing period 
(a) 
X Ix dx 100 qx Sx 
1-2 instar 36.21 7.59 20.96 79.04 
3-4 instar 28.62 10.07 35.19 64.81 
5 instar 18.55 
Total 17.66 48.77 51.23 
(b) 
x Ix dx lOOflx Sx 
1-2 instar 14.28 4.50 31.51 68.49 
3-4 instar 9.78 -1.29 -13.19 113.19 
5 instar 11.07 
Total 3.21 22.48 77.52 
x = age interval of E. fabae 
lx = number of E. fabae at the beginning of each age interval 
dx = number dying during the age class x interval 
I00<jrx = percent mortality for age interval 
Sx ~ survival rate within age interval 
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Figure Legends 
Fig. 1. Mean number± SE lst-2nd instar, 3rd-4lh instar, and 5th instar, and adult E. fabae 
collected per 0.25 m2 in 1999. 
Fig. 2. Mean number ± SE lsl-2nd instar, 3rd-4th instar, and 5th instar, and adult E. fabae 
collected per 0.25 m2 in 1999. 
Fig. 3. Mean number ± SE ls,-2nd instar, 3rd-4Jl instar, and 5th instar, and adult E. fabae 
collected per 0.25 m2 in 2000. 
Fig. 4. Mean number ± SE lst-2nd instar, 3rd-4th instar, and 5th instar, and adult E. fabae 
collected per 0.25 m2 in 2000. 
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CHAPTER 6. GENERAL CONCLUSIONS 
Empoasca fabae migrates to the Midwest from its overwintering sites in the Gulf 
States in early spring (Medler 1957). Although E. fabae are found in alfalfa during the Ist 
growing period, populations usually do not reach damaging levels (Steffey and Armbrust, 
1991). However, E. fabae may reach densities causing economic losses during the 2nd and 
3rd growths of alfalfa in Iowa (DeGooyer et al. 1998, Giles et al. 1999). Alfalfa fields are 
usually cut during the last week of May, leaving about 2 weeks for the majority of the 
E. fabae progeny to develop, insufficient time for most nymphs to reach the adult stage 
(Hogg 1985). Reproduction in alfalfa fields during early May is, for the most part, a waste of 
reproductive effort since only the few eggs that were laid in late April will develop into 
adults. Previous studies have suggested that E. fabae builds up populations on tree species in 
early spring and then move into alfalfa, but movement into alfalfa from these hosts has not 
been demonstrated (Poos 1935, Lamp et al. 1989). 
Management of E. fabae by Iowa alfalfa growers usually consists of either early 
cutting or insecticide applications (Lefko et al. 1999). Early alfalfa cutting increases E. fabae 
egg and nymphal mortality but may also result in reduced alfalfa yield and/or quality. 
Insecticide applications kill E. fabae in alfalfa and beneficial insect species. Natural enemies 
may be important in maintaining E. fabae populations at low densities and should be 
incorporated into management tactics. Leaving one uncut alfalfa strip at harvest was 
suggested for management of E. fabae in alfalfa (Giles et al. 1999). This uncut alfalfa strip 
may also retain natural enemies of E. fabae in alfalfa by serving as temporary refuge. 
Several natural enemies have been documented to prey upon E. fabae in the field and 
laboratory (Fenton and Hartzell 1923, Yadava and Shaw 1968, Lavallee and Shaw 1969, 
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Wheeler 1977, Martinez and Pienkowski 1982, Rensner et al. 1983), but their attack rates and 
impact on field populations are unknown. 
The objectives of this dissertation were to (1) determine if E. fabae uses tree and 
shrub species upon spring arrival in Iowa to build up population numbers and then 
subsequently, moves into adjacent alfalfa fields, (2) describe the effects of leaving one uncut 
alfalfa strip on the distribution of £. fabae and insect predatory species, (3) quantify the 
prédation rates of E. fabae by insect predatory species in greenhouse studies, and (4) examine 
the population dynamics of field populations of E. fabae and natural enemies. 
In 1998 and 1999, observational studies were conducted to monitor the number and 
distribution of spring migrating £. fabae in alfalfa and surrounding tree and shrub species. 
Yellow sticky traps were hung in individual trees and at the edge, 20 m, and 40 m into two 
alfalfa fields, to monitor £. fabae distribution and to determine if £. fabae were using tree 
species to build up population numbers before first harvest. First arrival of £. fabae occurred 
in late April, but peak arrival did not occur until the second week of May in 1998 and 1999. 
Empoasca fabae adults were collected in all of the tree/shrub species examined and there 
appeared to be no preference for individual species. In addition, except for the first two 
weeks of sampling, the number of £. fabae was similar at each of the three distances in the 
alfalfa field. There was no evidence to suggest that £. fabae were using these alternate hosts 
to build up population numbers and subsequently move into alfalfa. Since, there is 
insufficient time for £. fabae to reproduce in Ist growth alfalfa, sources of second growth 
infestation need to be investigated. Empoasca fabae may be still migrating from 
overwintering sites at this time or they may be using unharvested alfalfa or other herbaceous 
plants to build up populations in early spring. 
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From 1998 to 2000, field studies were conducted to determine the effects of leaving a 
3 m wide uncut alfalfa strip at first harvest on the within field distribution of E. fabae and its 
insect predators. The number of £. fabae and insect predatory species in the families 
Coccinellidae, Nabidae, Anthocoridae, Chrysopidae, and Hemerobiidae were monitored 
using yellow sticky traps and sweep samples taken from within the uncut strip and up to 40 
m away from the uncut strip. In 2 of 3 years, both small- and large-scale field trials showed 
higher numbers of E. fabae in the uncut strips for 2-3 weeks after harvest. This is significant 
because it takes approximately 3 weeks for E. fabae to develop from egg to adult. Delaying 
recolonization of the regrowth by 2-3 weeks may result in fewer E. fabae in the next 
generation. In 1999, we did not observe higher numbers of E. fabae in the uncut strips. 
Differences may be due to higher E. fabae population numbers in 1999. compared to 1998 
and 2000. The number of insect predators found in over half of the uncut strips was also 
higher during the first or second week following harvest. This study provides alfalfa growers 
a potential cultural management technique for £. fabae while conserving beneficial insects. 
Relatively few studies have examined prédation rates of £. fabae. In a laboratory 
study, attack rates of £. fabae adults and nymphs by four predatory species, C. maculata, 
C. carnea, N. roseipennis, and O. insidiosus were quantified. Individual predators and 
£. fabae were introduced into a feeding arena for 24 hours. All four predatory species 
attacked and killed £. fabae. Adult C. maculata attacked 4.2 nymphs and 1.6 adults at the 
high-prey density (15 £. fabae nymphs or 10 adults) and 2.0 nymphs and 0.6 adults at the 
low-prey density (5 £. fabae nymphs or 3 adults). Orius insidiosus attacked twice as many 
£. fabae nymphs than adults at the high density (2.9 versus 1.2). In contrast, similar numbers 
of nymphal and adult £. fabae were attacked by adult N. roseipennis ( 1.4 versus 2.1 ) and 
C. carnea larvae (4.6 versus 3.5,1.2 versus 0.8; at the high and low density, respectively). 
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Chrysoperla carnea larvae attacked more £. fabae adults and nymphs than C. maculata, 
N. roseipennis, and 0. insidiosus adults. These studies demonstrate that these predatory 
species will feed on E. fabae in the laboratory. However, attack rates found in the laboratory 
are most likely higher than those in the field. This is due to higher E. fabae densities used in 
the laboratory trials, which increases the functional responses of insect predatory species. In 
alfalfa, £. fabae densities are lower than those used in these feeding studies resulting in 
increased predator searching time. However, searching time may be decreased by 
concentrating £. fabae by an uncut alfalfa strip. Collectively, these predatory species may 
play a role in maintaining low £. fabae population densities in alfalfa. 
In 1999 and 2000, Iowa alfalfa fields were sampled from 1st harvest until last harvest 
to examine the population dynamics of £. fabae and insect predatory species in the families 
Coccinellidae, Anthocoridae, Nabidae, Chrysopidae, and Hemerobiidae. In 1999, densities 
of £. fabae were almost 3 times higher than in 2000. Adult £. fabae density ranged from 5.4 
- 25.6 and 1.4 - 9.2 per 0.25 m2 in 1999 and 2000, respectively. A partial life table was 
constructed for £. fabae nymphs for the last two alfalfa growing periods. Nymphs were 
grouped into three age intervals: lsl-2nd, 3rd-4th and 5th instars. Total £. fabae nymphal 
mortality during the Ist growing period examined was 70% and 49% in 1999 and 2000, 
respectively. However, during the last growing period of each season total nymphal 
mortality was relatively low (<25%). This was due to a higher number of older than younger 
instars collected in alfalfa samples. Orius insidiosus was the most numerous insect predatory 
species sampled and was more numerous in the last growing period. In laboratory feeding 
studies, O. insidiosus fed on more younger than older £. fabae and may prefer to prey upon 
smaller insects in the field. Orius insidiosus preys upon £. fabae in laboratory studies and 
may have been partially responsible for early instar mortality of £. fabae in this study. 
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This research provided further insight on the population dynamics and management 
of E. fabae in Iowa alfalfa fields. Peak spring arrival of £. fabae in Iowa occurred during the 
second week of May in 1998 and 1999. However, there was no evidence for the use of trees 
and shrubs as a source of E. fabae second alfalfa growth infestations. Further research on 
E. fabae infesting second growth alfalfa should examine alternate sources of E. fabae 
including non-harvested/mowed herbaceous plants and continued migration from 
overwintering sites. Additionally, these studies have demonstrated the potential for leaving 3 
m wide uncut strips in alfalfa at Ist harvest to manage £. fabae. These uncut strips 
concentrate £. fabae in the uncut strip and delayed colonization of regrowth by 2-3 weeks. 
In addition, several insect predatory species were attracted to these uncut strips, which may 
enhance natural E. fabae control by increasing predator functional and numerical response. 
Based on this research, leaving an uncut strip every 80 m in an alfalfa field may be sufficient 
to serve as a trap for £. fabae. However, this technique should be further investigated to 
determine optimal separation of uncut strips in a whole field to manage £. fabae and 
conserve natural enemies. 
The attack rates of several insect predators, including C. maculata, 0. insidiosus, 
M roseipennis, and C. carnea were examined in feeding studies. Prédation studies 
demonstrated that these predatory species attack and feed upon £. fabae in the laboratory. 
Among the predatory species used, C. carnea larvae attacked more £. fabae than the other 
predators examined. However, attack rates determined in this study are most likely higher 
than those in the field due to the higher density of £. fabae used in this study, which 
decreased predator searching time. Orius insidiosus was the most numerous predatory 
species collected from Iowa alfalfa fields, especially during late summer. This coincides 
with low £. fabae nymphal mortality rates determined by life table analysis in 1999 and 
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2000, which was a result of fewer younger instars collected from alfalfa than older instars. 
Orius insidiosus preys upon E. fabae in laboratory studies and may have been partially 
responsible for early instar mortality of E. fabae in this study. Future research should focus 
on field prédation rates of E. fabae by insect predatory species to determine their importance 
in regulating E. fabae populations. 
The significant findings of my research include a potential management technique for 
alfalfa growers that may enhance biological control of E. fabae. This management technique 
incorporates the ecology of E. fabae and insect predatory species by increasing the density of 
E. fabae in uncut alfalfa strips, which may, in turn, increase predator functional and 
numerical responses. In addition, I have demonstrated that several predatory species are 
attracted to these uncut alfalfa strips and will attack and feed on E. fabae. 
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Appendix A. ANOVA results for contrast testing number of predators In uncut strip versus regrowth in 
treatment field trials by week. Presented are F values, degrees of freedom and P>F for each predatory group 
Field 
Year Sample method (week) Coccinellidae Anlhocoridae Nabidue Neuroptera 
Large Seule Field Trials 
1998 Sweep samples 1(1) /•' =0.85, dM,27, /' =0.36 /•' =0.58, df= 1,27, /' =0.45 F =0.06, dM ,27,/' -0.81 F =5.87, dM,27,/* -0.02 
(2) F -2.57, dl-1,28, /' -0.12 /•' - l5.49.dM.28. /' =0.0005 F =0.06, df-1,28,/' =0.80 u 
(3) b h b b 
(4) F =3.03, df— 1,28, /' =0.09 F =2.74, df= 1,28,/' =0.11 F =2.1 l.df-1,28,/' =0.15 a 
2(1) b b b b 
(2) F = l.3l,df=l,28,/' =0.26 F =0.25, df-1,28,/' =0.62 F =0.99, df-1,28, /' =0.33 F •• -9.33,dM.28,f =0.005 
(3) F -0.28, dM ,27,/' =0.60 F -0.06, df-1,27, /' =0.81 F -2.32, df-1,27, /' =0.14 F -4.50, dM,27, /' -0.04 
3(1) b b b b 
(2) F = 28.45, dl= 1,26, /' <0.0001 F = 97.35, dM,26, /' <0.0001 F =0.18, df-1,26,/' =0.68 a 
(3) F =3.71, df-1,27, /' =0.06 /•' =4.49, df-1,27, /' =0.04 F -2.74, dM,27,/' =0.11 F =0.22, df-1,27,/' =0.64 
4(1) F =0.38, dM,28,/' =0.54 F -4.00, dp-1,28, /' -0.05 F -4.00, df-1,28,/' =0.05 a 
(2) F =4.00, dM ,28, /' =0.05 F = 1.09, df-1,28, /' =0.31 F = 1.78, df-1,28,/' =0.19 a 
(3) F =0.64, df= 1,11,/' =0.60 F =0.30, df-1,11,/' =0.83 F = 1.83, dM.II./' =0.20 a 
(4) F -0.32, dl= 1,27, /' =0.57 F =0.48, df-1,27, /' -0.50 F -0.62, dM ,27,/' =0.44 F =0.15, df= 1,27,/' =0.70 
Appendix A. (continued) 
Field 
Year Sample method (week) Coceinellidae 
(5) /•'=1.59,dM,2l,/'=0.22 
Sticky traps 1(1) F =0.44, df= 1,8, F =0.52 
(2) F =0.75, df= 1,8, F =0.41 
(3) F =0.75, df=l,8, /' -0.41 
2(1) a 
(2) /•'=0.35, dl= 1.7,/' =0.57 
(3) /•' -1,00, df=l,8, /' =0.35 
3(1) F =0.25, dH,8, /' =0.63 
(2) F =0.25, df=l,8,/' =0.63 
(3) F =0.60, dM,8, /' =0.46 
4(1) F =0.25, dM,8, P =0.62 
(2) /•' =0.25, df= 1,8,/' =0.62 
(3) F = 1.32, dM,8,/' =0.28 
(4) F =0.00, dM.8,/' =1.00 
(5) /•• =1.00, dM,8, /' =0.35 
0.46, df= 1,21,/' =0.51 F =3.12, df— 1,28, /' =0.09 F = 1.64, df= 1,21, /' =0.21 
a a F =0.75, df=l,8, /' =0.41 
a a a 
a u a 
a a a 
a a a 
a a a 
a a a 
a a a 
a a a 
a a /•' =0.25, dM ,8,/' =0.62 
u u /•' =0.38, dM ,8,/' =0.56 
a a /•' =4.00, dM ,8, P =0.08 
a a F =4.00, dM,8, /' =0.08 
a a a 
Appendix A. (continued) 
Year 
Field 
Sample method (week) Coccinellidoe Anthocoridue Nabidae Neuroptera 
1999 Sweep samples 5(1) b b b b 
(2) F =9.07,(11=1,15./' =0.009 F =9.84, df-1,15, /' =0.007 F =0.03, df= 1,15,/' =0.86 F =0.29, dM. 15./' =0.60 
(3) F =3.88, df-1,17/' =0.06 /•' =10.15, df= 1,17,/' =0.005 F =2.20, df—1,17, /' =0.15 F = 1.40. df= 1,17,/' =0.25 
6(1) F =27.25, df-1,19, /' <0.0001 /•' -36.41, dM,19,/' <0.0001 F -52.19, df= 1,19, /' <0.0001 F =3.86, df= 1,19,/' =0,06 
(2) /•' =3.43, dl'=l,l7, /' =0.08 / =30.44, df= 1,17, /' <0.0IM)l /•' =0.02, df=l,!7, /' =0.90 F --11.33, df-1,17,/' =0.004 
(3) F =0.13, df=l,l8, /' =0.73 F -40.86, df= 1,18, /' <0.0001 F = 1.02, dM, 18./' =0.33 F =3.74, df=l,l8, /' =0.07 
7(1) b b b b 
(2) F -0.15, df=l,l6, /'• - 0.70 F =1.66, df=l,l6, /'= 0.22 F =9.43, df= 1.16, /'= 0.007 F =0.31, dM.16./'; = 0.59 
(3) F =0.28, df= 1,18, /' =0.60 F =2.28, df= 1,18,/' -0.15 F -0.08, dM. 18,/' =0.79 F =0.32, df= 1,18,/' =0.58 
7(1) b b b b 
(2) F =0.40, df=l,!9, /' =0.53 F =0.19, dM, 19, /' -0.67 F =7.50, dM. 19./' =0.01 F = 1.51,dM,19./' =0.23 
(3) b b b b 
(4) /•' =0.02, df= 1,18,/' =0.89 /•• =38.30, dM. 18./' <0 0001 F =4.69. df= 1,18,/' =0.04 F =0.27, df= 1,18,/' =0.61 
Sticky traps 5(1) F -0.41, dt= 1,8, /' -0.54 u a a 
(2) F =0.67, dl= 1,5,/' -0.60 a a a 
(3) /-• -0.25, dl-1,8, /' -0.63 a a u 
Appendix A, (continued) 
Field 
Year Sample method (week) Coccinellidue Anthocoridae Nabidae Neuroptera 
6(1) F  -0.44, dM,8,/' -0.52 a a a 
(2) F  =2.62, dM,8,/J =0.14 a a F  =0.28, df= 1,28, P  =0.61 
(3) a a a a 
7(1) F  =0.40, df-1,8, F  =0.54 a a F  =0.25, df= 1,8,/' =0.63 
(3) F  =5.71, df= 1,8,/' =0.04 a a /•'=0.82, dM,27, P =0.39 
7(1) F  =0.25, UM,8, P  =0.63 a a a 
(2) F  =2.00, dM,8,/' =0.20 a a F  =0.25,dM,8,P =0.63 
(3) a a a F  =0.25, df= 1,8,/» =0.63 
(4) F  =0.23, dM,8,F =0.64 a a a 
* no individuals were collected during sampling period 
" sweep samples were not taken due to rain 
Appendix B. ANOVA results for contrast testing number of predators In uncut strip versus regrowth in treatment and 
control field plots by week. Presented are F values, degrees of freedom and P>F for each predatory group. 
Control values are in parentheses 
Field 
Year Sample method (week) Coccinelliduc Anthocoridae Nahidae Ncuroptcra 
Srrmll Scale Field Plot Trials 
1999 Sweep samples 9(1) F =3.57, ill'—1,17, /' -0.07 F -0.31, df- 1,17, F -0.58 /•' -0.23, df-1,17,/' -0.64 /•' -0.21, df-1,17,/' -0.65 
( F  -3.69, df-1,19, /' -0.07) ( F  -0.35, df-1,19, F  -0.56) ( F  -3.69, dl-1,19, P  -0.09) ( F  -0.02, df-1,19, P  =0.90) 
(2) b b b b 
b b b b 
(3) F  -0.08, df-1,18, P  -0.79 F  -0.48, d 1=1.18, P  -0.50 F  -4.06, df-1,18, P  -0.06 F  -0.54, df-1,18, P  -0.47 
( F  -0.17, df—1,19, P  -0.68) ( F  -3.89, df-1,19,/' -0.06) ( F  -5.94, df-1,19, P  -0.02) ( F  -2.72, df= 1, 19, /' =0.12) 
Sticky traps 9(1) F - 1.80, dl= 1,3,/' -0.27 u u F -0.00, df= 1,3,/' -1.00 
it u u ( F  -1.20, df-l, 3, P  =0.35) 
(2) u u u u 
( F  -1.00, df-1,3,/' -0.39) u a ( F  -0.33, df-1.3./' -0.60) 
(3) A'-0.65, df-1, 3,/' -0.50 u u F -0.65, df-1. 3. /' -0.48 
(F -0.16, df-1,3, /' -0.71 ) u u a 
Appendix B. (continued) 
Field 
JAçar_Sumglemç^ Coccinelliduc Anthoeoridue Nubiduc Ncuroplcra 
10(1) 
(2) F  =0.79, df= 1,3,/' =0.44 
F -3.00, df=l, 3, /' =0.18 
(F =3.00, dM^.P =0.18) 
F =0.l6,dM,3,/' =0.71 
(3) F -2.00, dM, 3,/' =0.25 
(F =0.05, dM, 3,/' =0.83) 
(4) F =0.33, dl'-1,3,/' =0.60 
r/-=3.00,dM,3,/' =0.18) 
(5) F =3.00, df-1, 3,/' =0.18 
(F =0.50, dM, 3,/' =0.53) 
2000 Sweep samples 11(1) /•' =1.06, dM, 19, P  =0.32 /•• =0.00, dM, 19, / 
19,/ < F  =1.12, (11= I, 19, /' -0.30) ( F  =0.33, df-1 
(2) F =0.03, dM, 17. /' =0.86 F =0.87, dM 
(F =0.25, dM, 19, /' =0.62) (F =0.70, dl= I 
(3) F =0.07, dM, 19, /' =0.79 F =2.93, dM 
(F =3.71, dM, 19, /' =0.07) (F =3.94, dl= I 
17,/ 
19,/ 
19,/ 
19,/ 
-1.00 
=0.57) 
=0.36 
F =5.75, dM, 19,/' =0.03 
F =1.54, dM, 17,/' =0.23 /•• -3.06, dM, 17, P  =0.10 
=0.41) ( F  =2.11, df— 1, 19, P  =0.16) ( F  = I 12, df= 1, 19, /' =0.30) 
-0.10 /•• -11.61, df= 1, 19, /' =0.003 F =0.63, dM, 19, /' =0.44 
=0.62) ( F  =0.00, dM, 19, /' =0.98) ( F  =0.03, dM, 19, /' =0.87) 
Appendix B, (continued) 
Field 
Year Sample method (week) Coccinellidae Anthocoridae Nabidae Neuroptera 
Sticky traps 
12(1) F  =0.33, dM, 19,/' -0.57 F  =3.00, dM, 19,/' -0.10 F  -3.90, dM, 19, /' =0.06 a 
( F  =0.33, dM, 19,/' =0.57) ( F  =0.33, dM, 19,/' =0.57) ( F  -0.76, dM, 19, P  =0.39) a 
(2) b b b b 
b h b b 
(3) F  =0.29, dM, 19./' -0.60 F  -2.01, dl-l, 19,/' -0.17 F  -4.76, dM, 19,/' =0.04 F  = 1.41, dM, 19, P  =0.25 
< F  =0.51, dM, 19, /' =0.48) ( F  = 1.15. dM. 19,/' -0.30) ( F  = 1.41, dM, 19,/' =0.25) ( F  =0.06, dM, 19,/' =0.82) 
(4) F  =0.01, dM, 19./' =0,93 F  =4.90, dM, 19, /' -0.04 F  =0.93, dM, 19,/' =0.35 F  =2.52. dM. 19,/' =0.13 
( f  =0,56, dM, 19./' -0.46) (/•' =7.72. dM. 19,/' =0.01) (F = 1.35, dM, 19,/' =0.26) (!•' =0.33, dM, 19 , P  =0.57) 
(5) b b b b 
b b b h 
Il (1) F  = 1.14, dM, 3,/' =0.36 u u a 
( F  =8.33, dM, 3,/' -0.06) u u a 
(2) F  -4nlly, dM, 3, /' < 0.0001 il u a 
(!•' = 1.80, dM,3,/' =0.27) u u ( F  =0.33, df= 1,3,/' =0.60) 
12(1) F  =0.40, df-1,3,/' -0.59 II a a 
('•' = 12.50, dM, 3, /' -0.04) il a a 
Appendix B. (continued) 
Field 
Year Sample method (week) Coccinellidae Anthocoridae Nabidac Neuroptera 
(2) /•• =0.50, df= 1 , 3 ,  F  =0.53 a a F  =3.00, dM, 3. P =0.18 
( F  =0.33, df= 1 , 3. F  =0.60) a a ( F  =0.33, dM, 3, P  =0.60) 
(3) F  -2.27, dM , 3, F  -0.23 a a F  =0.33, dM, 3, P =0.60 
( F  =3.00, dM ,3, /' =0.18) a a ( F  =0.33, dM. 3. P =0.60) 
(4) F  =0.33, df-1 , 3, F  =0.60 a a a 
( F  =3.00, df-1 , 3, F  -0.18) a a a 
(5) a a a a 
0 a a a 
* no individuals were collcctcd during sampling period 
° sweep samples were not taken due to rain 
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